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Abstract
Technology-enabled services for physical and mental health are a promising approach to improve health-
care globally. Unfortunately, the largest barrier for effective technology-based treatment is participants’
gradually fading engagement with effective novel training applications, such as exercise apps or online mental
health training programs. Engaging users through design presents an elegant solution to the problem; how-
ever, research on technology-enabled services is primarily focused on the efficacy of novel interventions and
not on improving adherence through engaging interaction design. As a result, motivational design strate-
gies to improve engagement—both in the moment of use and over time—are underutilized. Drawing from
game-design, I investigate avatar customization as a game-based motivational design strategy in four studies.
In Study 1, I examine the effect of avatar customization on experience and behaviour in an infinite runner
game. In Study 2, I induce different levels of motivation to research the effects of financial rewards on self-
reported motivation and performance in a gamified training task over 11 days. In Study 3, I apply avatar
customization to investigate the effects of attrition in an intervention context using a breathing exercise over
three weeks. In Study 4, I investigate the immediate effects of avatar customization on the efficacy of an
anxiety reducing attentional retraining task. My results show that avatar customization increases motivation
over time and in the moment of use, suggesting that avatar customization is a viable strategy to address the
engagement barrier that thwarts the efficacy of technology-enabled services for health.
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Chapter 1
Introduction
In its constitution, the World Health Organization (WHO), envisions “. . . the highest attainable standard
of health as a fundamental right of every human being”. As of today, the global community has focused mas-
sive resources into attaining this standard, utilizing established healthcare implementation patterns (Warner
& Obrecht, 2015; Grol & Grimshaw, 1999), new technologies (e.g., drone drug delivery1), and by pushing the
boundaries of future inventions (e.g., precision medicine; see Collins & Varmus, 2015; Insel, 2014). In the past,
health care of any form required at least one medically-trained person to be physically accessible for patients,
making accessibility of location and human resources—next to drug availability—the main determinants of
a steady health care supply. However, population growth and a shortage of trained personnel have created
a massive gap in mental and physical health care, displayed in low income countries as declining health care
provision—and for mental health issues a lack of treatment altogether (World Health Organization, 2017).
The World Health Organization Mental Health Atlas 2017 shows for mid to high income countries an increase
in prolonged waiting times, shortened doctoral attention, and an increase in treatment errors. The costs of
the health care gap are estimated to be in the trillion dollars globally (Chisholm et al., 2016), but even more
alerting is the unnecessary suffering of millions due to a lack of solutions able to effectively expand current
health care services to meet the global need for treatment—a situation that justifies novel solutions and
unconventional approaches.
Global connectivity and health services enabled by technology have drastically shifted the paradigm of
global health care. Technology-enabled services (TES) for physical and mental health have shown huge
potential in unburdening existing health care infrastructures (Bennett & Glasgow, 2009; Chisholm et al.,
2016; Cuijpers et al., 2017; Mohr et al., 2014) and in creating novel infrastructures (Dinakar et al., 2014;
Morris et al., 2015) to close the health care gap. MoodGYM2, for example, offers multiple training modules
to address anxiety and depression. RCTs have shown that MoodGYM is effective when used correctly and
when all training modules are completed (Christensen et al., 2002). IntelliCare (Mohr, Tomasino, et al.,
2017), is another example, a service that provides a framework of 13 different mobile apps to provide support
such as a positive message for stressful situations or sleep tracking applications. IntelliCare shows promising
results to support general mental health (Mohr, Tomasino, et al., 2017).
1http://www.flyzipline.com/
2https://moodgym.anu.edu.au/
1
While the prospects of TES to revolutionize the health care system gives reason for optimism and ex-
citement, the implementation reality of these services looks different. The largest barrier for an effective
treatment through TES is patients losing interest in using the technology over time. The loss of motivation
results in a situation in which novel treatments are effective, but the efficacy is thwarted because applications
are simply not used, or not used as required (Christensen et al., 2002; Eysenbach, 2005). High attrition
(i.e., the gradual decline of attendance) diminishes even the most effective treatment—a situation that is
known from drug treatment protocols where the drug itself has shown to reduce symptoms, but the unsteady
intake of patients negatively affects treatment efficacy (Vermeire et al., 2001). While attrition is a threat to
treatment efficacy in general, it is the primary threat to the efficacy of technology-enabled services for health
and the main reason why TES—which have shown good efficacy in clinical studies (Ko¨nigbauer et al., 2018;
Heber et al., 2016; Webb et al., 2010)—fail to show the same levels of efficacy “in-the-wild” (Eysenbach,
2005; Firth et al., 2017, 2018).
Most treatments, especially when they rely on conveying complex information or attention-based training,
require patients’ engagement in the moment of use—to maximize the efficacy of a program, patients need
to focus on the task at hand, remember information, and invest effort (Zimmerman, 2000). To secure that
patients are invested, traditional health programs rely on external regulation such as controlled environments
(e.g., clinics) or direct supervision (e.g., in a doctor’s office). However, technology-enabled services for health
lack such levels of external regulation; health applications designed for the use during commutes or in the
privacy of our homes are specifically designed for unsupervised use, but that does not free them from the
same attentional requirements that are applicable in conventional approaches. For example, learning about
the symptoms of a panic attack, and breathing techniques to keep an episode under control, requires a user’s
attention for maximal efficacy (Grossberg, 1999)—a demand of TES that is particularly difficult to adhere
to. Without any external control, it is difficult to actively and repeatedly focus our attention on often boring
tasks. Imagine engaging with a service at home, where a text message might cause distraction, the TV is
delivering a constant stream of information, or checking Facebook divides our attention every few minutes—
a situation that makes it challenging to engage with a service and experience its full benefits. While TES
could be used in a clinical context, the required resources diminish the advantages of TES in increasing
accessibility and decreasing human support. Requiring user engagement without external regulation is a
crucial vulnerability of TES and thwarts the clinically-shown efficacy of TES “in-the-wild”.
Research on TES shows that treatment efficacy, in the short and long-term, matches conventional ap-
proaches (Christensen, Griffiths, & Jorm, 2004; Richards et al., 2015), but when transitioning from controlled
studies to implementations in the wild, the lacking external regulation in TES requires careful consideration—
attrition and reduced in-the-moment engagement thwart the efficacy of TES (Mohr, Weingardt, et al., 2017).
To address the lack of external regulation in TES, researchers have successfully integrated external reg-
ulation such as human support (Christensen et al., 2009; Tate et al., 2006; Andersson & Cuijpers, 2009),
notifications (Kelders et al., 2012), or nudging (Thaler & Sunstein, 2008). Baumeister et al. (2014) reviewed
2
14 articles comparing human supported or guided internet-based interventions with unsupported or unguided
interventions. The results suggest that guided therapy forms have better effects on symptom severity, gen-
eral completion rate, and a higher number of completed training modules. The effect of notifications is more
complex, because while notifications show an increase in attendance in the short-term (Kaplowitz et al.,
2004), they come with attentional cost (Horvitz et al., 1999) caused by a steady stream of notifications from
multiple apps, resulting in disabled or ignored notifications in the long-term (Almuhimedi et al., 2015; Iqbal
& Horvitz, 2007; Weber et al., 2016). Nudging—or architecting choice—has been very successful in areas like
food choice (Hanks et al., 2012), mobile security (Almuhimedi et al., 2015), and water consumption (Kenney
et al., 2015). The critique towards nudges develops around the argument that active choice is avoided, which
is an important factor for long-term behaviour change (Ryan & Lynch, 2011; Ryan & Deci, 2008). Motiva-
tional theories such as Self-Determination Theory, suggest that volitionally engaging in a task is predictive
of intrinsic motivation and therefore long-term behaviour change.
While these solutions based on external regulation provide promising results, they are either resource
intensive, e.g., human support requires a trained expert, or they leverage methodologies that have been
shown to be effective in the short-term, but do not result in long-term engagement (i.e., notifications).
Hence, integrating external regulation into TES is not a viable solution when aiming to create services that
are effective and show sustained use. Other technologies have successfully deployed motivational design
strategies—educational services (e.g., Duolingo3), entertainment software (e.g., video games), or knowledge-
sharing platforms (e.g., Quora4) leverage motivational design strategies to keep users engaged over time and
in the moment. While other areas have shown that motivational design is effective, these strategies are
currently underutilized in TES for health.
As such, the problem I address in my thesis is that current technology-enabled services for health under-
utilize inherently motivating design strategies, thwarting the sustainable and effective implementation of such
services in health care systems.
1.1 Proposed Solution
Motivational strategies have mainly been implemented in commercial applications, such as clearly communi-
cated goals for advancing grammar and vocabulary in language learning software (i.e., Duolingo) or providing
positive feedback to correct answers to complex questions (i.e., Quora). Video games are a rich resource for
motivational strategies, for example by seamlessly combining goal-setting techniques (e.g., through quest
progression) with staged reward mechanism (e.g., receiving small reward consecutively, but a large fixed
reward at the end of multiple quests). The ability to combine motivational approaches seamlessly in the
game context allows designers to create novel approaches to motivate players and is core to the powerful
3https://www.duolingo.com/
4https://www.quora.com/
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motivational engine of video games. Video games have been shown to foster engagement in the moment—
e.g., a person who can barely speak because they are deeply engaged with their favorite game (Sweetser
& Wyeth, 2005)—and sustainably over time—e.g., some World of Warcraft players, for example, play their
characters for years (Rapp, 2017; Braithwaite, 2018). Game-based motivational design strategies (Deterding,
2016), applied outside of the game context, have been shown to foster intrinsic motivation by enhancing user
experience and increasing task engagement (Trepte & Reinecke, 2010).
Fostering intrinsic motivation through game-based motivational design is a promising solution to over-
come shortages of in-the-moment efficacy and sustainable usage of technology-enabled services over time and
surpasses the limitations of external regulation. Game-based motivational design strategies such as goal-
setting (Locke & Latham, 2006) (e.g., quests in World of Warcraft), social comparison (Festinger, 1954) (e.g.,
leaderboards in Fortnite), or customization (e.g., the customization of the main protagonist in Mass Effect),
are crucial components of successful games and allow players to experience mastery over difficult challenges,
connect to other players, or feel ownership over a central aspect of the game.
Customization plays a central role when designing for motivation in games. Creating customizable ex-
periences serves several purposes, such the experience of choice, ownership, and identification. Specifically,
avatar customization is a game-based motivational design strategy that has been shown to increase task en-
gagement, enjoyment, and intrinsic motivation (Trepte & Reinecke, 2010), is versatile and applicable across
contexts (Vasalou & Joinson, 2009), and is commonly used by game-designers (Ducheneaut et al., 2009), and
therefore well suited to be investigated as a potential solution for the shortcomings of technology-enabled
services.
In my dissertation, I investigate whether a game-based motivational design strategy (i.e., avatar cus-
tomization) fosters inherent motivation to engage with technology-enabled services for health in the moment
and over time, with the goals to increase immediate task efficacy and facilitate sustainable engagement.
1.2 Steps to the Solution
To accomplish the aims of my research, I conducted four studies5: In a first study, I investigated if design
techniques drawn from games (i.e., avatar customization) can help to facilitate voluntary engagement, mea-
sured both subjectively through validated scales, and objectively through measuring motivated behaviour.
In a second study, I investigated if voluntary engagement is responsive to known manipulations of motiva-
tion (i.e., overjustification effect) in the medium-term, measured as logging behaviour. In a third study, I
investigated the effectiveness of motivational design to combat waning motivation over a 3-week long study
5All manuscripts and attached studies that I present as part of my dissertation are a team effort and would not have
been possible without the work of my colleagues. I will acknowledge the individual contribution at the end of each Chapter.
However, to distinguish between the collectively created manuscripts and the enclosing dissertation sections, and to highlight
my intellectual contribution in designing the research in coordination with my supervisor, my efforts in contextualizing the
contribution as part of my dissertation and reporting the design rationale behind each contribution I will use “I”, in the
dissertation sections and “we” in the manuscripts.
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conducted in the context of evaluating an online health intervention. And in a fourth and final study, I
applied the gained insights to investigate if volitional engagement can improve in-the-moment engagement
of participants, and subsequently affect training efficacy of computerized attention-bias retraining.
The four manuscripts presented in this dissertation address these individual facets of avatar customization
and its potential effects on task efficacy and sustainable engagement: Manuscript A investigates whether
avatar customization is suited as a design strategy to increase motivation, operationalized as increased user
experience and sustained short-term behaviour; Manuscript B investigates if the effects on intrinsic motivation
induced through avatar customization as found in Manuscript A are exhibited in the medium term and are
reliable (i.e., responsive to known manipulations of intrinsic motivation). Building on the insights gained
in Manuscripts A and B, Manuscript C investigates the effects of avatar customization on user retention
over a 3-week period, while Manuscript D investigates the effects of avatar customization on in-the-moment
engagement and task efficacy. Manuscripts A, B, and C have been published and Manuscript D is in press
at the time of writing this dissertation. The citations are:
Manuscript A: Birk, M. V., Atkins, C., Bowey, J. T., & Mandryk, R. L. (2016, May). Fostering intrinsic
motivation through avatar identification in digital games. In Proceedings of the 2016 CHI Conference on
Human Factors in Computing Systems (pp. 2982-2995). ACM.
Manuscript B: Birk, M. V., Mandryk, R. L., & Atkins, C. (2016, October). The Motivational Push of
Games: The Interplay of Intrinsic Motivation and External Rewards in Games for Training. In Proceedings
of the 2016 Annual Symposium on Computer-Human Interaction in Play (pp. 291-303). ACM.
Manuscript C: Birk, M. V., & Mandryk, R. L. (2018, April). Combating Attrition in Digital Self-
Improvement Programs using Avatar Customization. In Proceedings of the 2018 CHI Conference on Human
Factors in Computing Systems (p. 660). ACM.
Manuscript D: Birk, M. V., & Mandryk, R. L. (in press). How Customization Improves the Efficacy of
an Online Digital Intervention for Mental Health. Journal of Medical Internet Research.
1.3 Design Rationale
I chose video games as a source for motivational design strategies, because the medium itself has shown
substantial effects on motivation across platforms (i.e., from desktop to mobile play). Games are com-
prised of individual design strategies—e.g., social comparison through leaderboards (Bowey et al., 2015),
goal-setting through quests (Chen et al., 2012), or personalization through avatar customization (Trepte
& Reinecke, 2010)—which when combined, create engaging experiences with application potential beyond
games. Researching the effects on experience and behaviour of these strategies has the potential to affect
design decisions and the uptake and long-term use of technology-enabled services.
Challenges such as reaction time tasks, design strategies such as avatar customization, or moral decisions
such as found in the Walking Dead by Telltale (2012), make games sophisticated sandboxes in which to
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study human behaviour—games allow researchers and designers to create, manipulate, and measure human
behaviour in an interactive context. Games allow researchers to answer complex applied questions—i.e.,
can retention be increased, or can the reaction time be reduced in a shooter game by changing the target
appearance—but also questions about experience and behaviour in general—e.g., the effect of individual
differences on experience (Birk, Mandryk, et al., 2015) or how previous in-game experiences, for example in
a tutorial, affect future behaviour. The number of players who can play a game in parallel (i.e., single player
vs. multiplayer), and how the game is played (i.e., cooperative or competitive), varies—enabling games to be
a rich research platform for answering social research questions such as those on remote collaboration or on
how to design for friendship (Bell, 2012). Games provide a rich and versatile source of design strategies, while
their interactive nature allows for experimentally complex designs (Blascovich et al., 2002)—properties that
fit well within the current socio-technological state of society in which interactive technology is ubiquitous in
our daily life. The entertaining nature of games make them appealing to many, independent of age, sex, or
race (Birk et al., 2017; Passmore et al., 2018; Entertainment Software Association, 2017). Therefore, design
strategies drawn from games have a high chance to be already familiar to the user, and hence more likely to
be accepted.
Digital games produce large amounts of data—technically, every bullet fired, every time the mouse was
clicked, and every second of idle time can be measured. This large amount of data has advantages from a
research perspective because behavioral outcomes can be triangulated in data—i.e., multiple data sources
such as time spent running, number of coins collected, and time spent to defeat a boss—and can be used to
change a player’s play experience, for example by balancing skill levels between players (Vicencio-Moreira et
al., 2015). Furthermore, data resulting from behaviour can be used as an outcome measure for experimental
manipulation, e.g., does a player run more or less after being exposed to severe social stress? Finally, data
reported back to the player, e.g., leaderboard statistics or in-game item stats, can be easily manipulated,
allowing researches to create research paradigms that manipulate the player’s experience (Bowey et al., 2015).
1.3.1 Advantages of Engaging Study Designs
The interactive and complex nature of games makes it challenging to balance outcome validity and generaliz-
ability (Blascovich et al., 2002). Interactive systems geared for maximizing internal validity, i.e., minimizing
systematic error in favour of a causal conclusion, such as the CANTAB6 (Cambridge Cognition) tests are
able to tease out minimal differences in cognitive abilities, but the results might be difficult to replicate under
less controlled conditions, and the applicability outside of the lab might be minimal. But using a complex
commercial game might be an overwhelming experience for participants and any difference in experience or
behaviour could be attributed to multiple sources (Depping et al., 2016). With respect to these challenges,
my research environments are built from scratch, allowing me to manipulate and control every aspect of the
game to prioritize internal validity while maximizing external validity.
6www.cambridgecognition.com/cantab/
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Building research environments instead of using or modifying off-the-shelf games has several advantages.
First, researchers can create standardized and controlled systems, which increase the internal validity and
reliability of the results. For example, in my research environments, secondary stimuli, e.g., audio or Heads-
up display (HUD) elements, are removed to increase the focus of participants on the task at hand. Elements
that are not task relevant might be distracting and introduce another source of information for participants
that needs to be controlled. Second, while creating controlled environments, which are comparable across
conditions except for the experimental manipulation of interest, custom-built games allow researchers to
create immersive game experiences that are well received by participants, as shown by positive written
feedback (e.g., “I just wanted to drop you a message letting you know that your hit was AWESOME.
First one I’ve had in over a year that was actually engaging, paid well, and was fun to do because it was
about something that I could relate to.”) and experience scores (e.g., Manuscript C). Third, custom-built
games allow researchers to create specific logging events a prioi, which increases meaningfully gathered data,
reduces analysis time, minimizes processing time after the data collection phase, and allows researchers to
use additional metrics in real-time during a study. For example, the game used in Manuscript A allowed me
not only to log time spent and coins collected, but in addition every keypress made during the study, which
I used to assure that participants actively engaged in the task.
1.3.2 Assuring Engagement
Computerized studies have the advantages of being highly standardized, not requiring human interference,
and producing already digitized data logs; conversely, they are less controlled than traditional experimental
settings. Especially when disseminated in an online context, computerized interactive studies require the
implementation of strategies to minimize the impact of distractions, attentional decline over time, or task
interruptions.
Design strategies would require to either assure that the participant shows continuous task engagement
(e.g., by measuring continuous input such as key presses), or measures to be aware of a user’s disengage-
ment (e.g., a count of window changes during the experiment), or ways of observing participants and their
environment, using a participant’s camera to capture distracting events (e.g., relatives showing up, a phone
ringing, or a cat walking across the keyboard).
1.3.3 Designing for Experimental Manipulation
Not all games are equally suited to be used in an experimental context. For example, creating a fully-
functional massively-multiplayer role-playing game such as World of Warcraft to manipulate social dynamics
in digital societies might be a bit too ambitious, whereas coming up with entirely new game mechanics to
answer specific research questions is not out of the question. However, it is often more efficient to build
on pre-existing game mechanics and adjust the game according to the research question. Comparing, for
example, the logic of Match-3 games and infinite runner games, we find different properties, which have
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different advantages for addressing different research questions.
Match-3 games require players to swap two adjacent items per move to match at least 3-items of the
same property—often color; once matched, the items disappear, and three new items take the place of the
removed items. The playtime is usually restricted, either by time directly or by performance, operationalized
as number of points at a given time. The random nature of the board allows players to easily and believably
manipulate outcome—players can’t keep track of their exact score, and when compared to others they have
a difficult time to judge how good their relative performance was. Beyond the properties of randomness,
performance in Match-3 games depends on an understanding of the scoring system (i.e., a cascade of multiple
matches is worth more than a sequence of individual matches) and the abilities of recognizing patterns and
correctly predicting how the board will change after a move.
Infinite runner games usually start out with the player’s character in the middle lane of a three-lane track.
The player constantly moves forward with no means to slow down, while obstacles appear in different lanes.
The player can only change lanes (i.e., left and right), crouch, jump, or use special items such as shields or
boosts. The genre name comes from the fact that infinite runners can technically be played infinitely, because
the obstacles are procedurally generated. Infinite runner games are well suited to test the time players will
stay engaged in the game after manipulating certain design elements, such as the fidelity of the game—a
manipulation that has been shown before to affect the experience of casual game play (Gerling et al., 2013).
Infinite runner games can also be used in stop-signal tasks (van Muijden et al., 2012)—an attentionally-
demanding task that requires participants to stop a continuous activity immediately as indicated by a stop-
signal. The procedurally-generated nature of infinite runner games also allows for other manipulations, such
as spacing out rewards or manipulating difficulty through the numbers of obstacles presented. Infinite runner
games can also be used to test changes affecting continuous behaviour adjustments using previous behaviour
(i.e., feedforwarding) by, for example, keeping the level layout constant and presenting a “ghost” of the player
from a prior play through.
The selection of a game and a thorough understanding of the underlying principles is crucial to select a
game that has the potential to test a hypothesis rigorously and to avoid unnecessary development time. Jus-
tifications for the games chosen to answer each research question are presented in the individual manuscripts.
1.4 Theoretical Rationale
To investigate whether a game-based motivational design strategy (i.e., avatar customization) fosters inherent
motivation to engage with technology-enabled services for health in the moment and over time requires a
theoretical framework that allows for the definition of the motivational properties of game-based strategies
(i.e., a theoretical understanding of why a strategy increases engagement in the moment and/or over time).
In my comprehensive exam depth paper, I surveyed several motivational theories that could capture the
dynamic, complex, and fast-paced context of video games, with an already existing body of literature to inform
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and motivate design decisions. Theories such as the Technology Acceptance Model (TAM) (Venkatesh et al.,
2003), Goal Setting Theory (Locke & Latham, 2006), or Social Cognitive Theory (SCT) (Bandura, 2001), offer
interesting insights into why users accept technology, how goal setting increases the likelihood of achieving a
task, and the importance of the social context and our perceived self-efficacy for task performance. However,
most theories are either too broad or too narrow and do not capture well the socio-contextual variables
required to increase user engagement.
1.4.1 Self-Determination Theory
The best theoretical fit to describe the motivational pull of video games is Self-Determination Theory (SDT)
(Ryan & Deci, 2002), which proposes that people are more likely to engage in a task when the socio-contextual
variables fulfill their inherent need for competence—mastery of a task; autonomy—acting under their own
volition; and relatedness—feeling connected to others. The theory has been applied in many different areas,
such as work (Amabile, 1993), health (Seaverson et al., 2009), and sport (McAuley et al., 1990), and has been
applied in the context of games research before (Przybylski et al., 2012; Johnson et al., 2016; Birk, Mandryk,
et al., 2015).
While I applied and measured need satisfaction as defined by SDT in Manuscript A, B, and C, my
experience with SDT in the context of games goes beyond the work presented in my dissertation. I contributed
to the interpretation of core SDT constructs in the context of research on the experience of touch interfaces
(Watson et al., 2013); the effects of controller type on player experience (Birk & Mandryk, 2013); the effect
of self-esteem on player experience (Birk, Mandryk, et al., 2015); the manipulation of leaderboards for player
experience (Bowey et al., 2015); and when investigating the effects of age differences on player experience
(Birk et al., 2017).
Self-Determination Theory as a measure of player experience has also been picked up by the games
industry, which applies the Player Experience of Need Satisfaction (PENS) Scale in user studies to evaluate
player experience. The company Immersyve7 commercialized Self-Determination Theory in the context of
games and offers their services to game companies.
1.4.2 Avatar Customization and Identification
Games have been shown to motivate players to stay engaged with a single game for hours, independent of
whether the game is an immersive AAA title like God of War, a social network game like Farmville, or a
casual mobile game like the infinite runner Alto’s Adventure.
In the book “Glued to Games: How Video Games Draw Us in and Hold Us Spellbound”, Rigby and
Ryan (2011) discuss a conceptual perspective on motivation through the lens of Self-Determination Theory
(Ryan & Deci, 2002). The general idea is that people inherently like to grow, and seek out situations in
7http://immersyve.com/
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which they can experience personal growth. Situations that allow us to experience competence, autonomy,
and relatedness are most likely to facilitate personal growth either by applying our skills (competence), by
experiencing the consequences of our own decisions (autonomy), or by growing through interactions with
others (relatedness). The book argues and presents evidence that within video games, people can experience
situations of choice, challenging situations, and social encounters that are in line with their needs, resulting
in increased motivation and engagement in the moment and over time.
The game context offers plenty of opportunities to experience situations and challenges that satisfy our
need for personal growth; when well designed, games facilitate motivation to play and high levels of enjoy-
ment and invested time and effort. Designs like leaderboards, for example, allow for social comparison and
allow players to understand their performance in context. The autonomy to make decisions and experience
consequences can be elevated to an overall design principle, as for example done in many open world games.
Zelda Breath of the Wild (2016, Nintendo), for example, restricts the number of weapons a player can carry
and weapons also break after a certain number of uses. Following Pears (2017) the design intentions are: first
that players need to decide which weapon to use when; and second, that players need to explore and find
new weapons, affecting how they interact with their environment. Designing for relatedness can include the
design of interfaces to support communication—be it as text chats, predefined commands, or gestures; how-
ever, designing for relatedness can also be expressed through the design of mechanisms against toxicity, e.g.,
by restricting communication or nudging players to make different communication choices. Both approaches
are in favour of increasing social cohesion and an experience of connectedness to others.
In line with Self-Determination Theory, avatar customization should increase volitional engagement by
giving participants the means to decide how their experience, at least visually through the representation
of their avatar, will be. Research has shown that we experience increased ownership over our own creations
(Franke et al., 2010), which should positively affect engagement. People identify with their avatar on different
levels (Van Looy et al., 2012)—how similar they are, if they can see themselves being the avatar, or perceive
an avatar as an ideal.
1.4.2.1 Identification
An important construct in my thesis is identification with an avatar. People identify with representations
for different reasons. Van Looy et al. (2012) suggest that there are three different ways we identify with a
representation: similarity identification, wishful identification, and embodied identification.
First, research has shown that people identify with an avatar that looks similar to ourselves in physical
appearance or because of personality aspects (Van Looy et al., 2012; Trepte & Reinecke, 2010). Second,
people identify with avatars that have ideal characteristics; for example, because they are particularly strong
or beautiful or have other characteristics that we might wish to possess, e.g., being able to fly. Third, people
experience presence in a virtual environment because the environment can be experienced through an avatar’s
body—an example question from the Player Identification Scale (Van Looy et al., 2012) (i.e., the scale used
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to measure the three constructs of identification) would be “In the game, it is as if I act directly through my
character”.
Because of the benefits of identifying with an avatar, various methods for facilitating this relationship have
been suggested. Trepte and Reinecke (2010) showed that customizing an avatar increases identification and
leads to higher enjoyment, and also that creating an avatar that has high similarity to the player increases
identification, and ultimately game enjoyment. Schneider et al. (2004) showed that participants who played
a first-person shooter game with a narrative experienced more identification with their avatar than those who
played a non-narrative version.
In my research, identification was measured after participants customized an avatar—similar to the work
done by Trepte and Reinecke (2010)—and was investigated as a variable explanatory for user engagement
(see Manuscript A, and B).
1.4.3 Measuring Motivation
When measuring motivation, we need to distinguish between lasting motivation and motivation in the moment
of use. Motivation in the moment is the joy we experience engaging in a task, and the effort invested, reflected
for example in performance.
We show lasting motivation when we repeatedly come back to a task, e.g., a training exercise. Self-
Determination Theory distinguishes different levels of motivation (Deci et al., 2001): intrinsic motivation—
engaging because we inherently enjoy the situation, e.g., enjoying ourselves while playing beach volleyball
during a vacation; introjected regulation—engaging because we believe that doing so has positive implications,
e.g., running on a treadmill; and external regulation—engaging because an external source (e.g., an authority)
tells us that it would be beneficial, e.g., participating in school sports not because we like sports, but because
otherwise we would receive a bad mark. And lastly, sometimes we are not motivated to engage at all, i.e.,
being amotivated. Distinguishing why someone engages in general is important, because it allows us to
predict if they will show the same behaviour in the future, and allows us to understand the circumstances
under which motivation would wane, e.g., when removing an external source of regulation, such as removing
mandatory sports classes.
While the theoretical underpinnings of motivation over time are relevant to understand and explain en-
gagement over time, the measures are self-reflective and affected by expectations, the experimental situation,
incentives, and in lab experiments by the demeanor of the experimenter. Not asking explicitly about a par-
ticipant’s motivation, but using implicit, projective tests such as the Thematic Apperception Test (Murray,
1943) or the Operant Motive Test (Kuhl, 2013), offer measures less prone to situational effects. Unfortu-
nately, these measures have to be evaluated by hand and require very specific expertise to be used correctly,
which renders them difficult to use in larger studies.
One of the best measures of motivation over time is actual behaviour, for example, login behaviour or
time spent with a service. Especially in an online context, in which participation is subject to few social
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demands and engagement cannot be affected by the experimenter’s expectations, returning to a task on a
daily basis or engaging in an attentionally-demanding task under our own volition are very good indicators
of motivation. Displayed increases in behaviour can be explained through subjective motivational scales and
would be in support of the external validity of a study.
1.4.4 Individual Differences
People are different from each other when it comes to how they experience different situations—games are
no exception. Gained expertise, cultural influences, preferences, and personality traits affect how games
are experienced. A professional guitar player will experience guitar hero differently, and a player of colour
might experience the predominantly white culture in games differently than a white player (Passmore et
al., 2018). Research has shown that individual differences explain important differences in play experience.
Although not included in this dissertation, I have published several studies exploring individual differences
in the context of play.
In early work, I investigated how self-congruence (i.e., congruency between who a person is and who they
want to be) and personality affect play experience using different controller types. The research demonstrated
that player experience is not driven by a player’s overall personality, but by the personality experienced within
the context of the game (Birk & Mandryk, 2013).
Further, I have investigated how self-esteem affects play experience (Birk, Mandryk, et al., 2015), and
showed that players with different levels of self-esteem experience games differently; specifically, people with
low self-esteem experienced lower satisfaction of needs (e.g., autonomy), which potentially can be influenced
through game-design (e.g., creating choice).
Furthermore, I have investigated how personality traits affect play experience and subsequent behaviour
(Birk, Toker, et al., 2015); the results suggested that individual differences alter how players experience a
social network game, which is reflected in players’ in-game behaviour.
Finally, I have investigated how age affects game preferences and experience (Birk et al., 2017). The
results suggest that with increasing age, preferences, play motive, play style, identification as a gamer, and
player experience shift away from a focus on performance and towards a focus on completion, choice, and
enjoyment.
1.5 Methodological Rationale
To investigate whether avatar customization fosters inherent motivation to engage with technology-enabled
services for health in the moment and over time, with the goal to increase immediate task efficacy and
facilitate sustainable engagement, my research required different methodologies.
It was important to work in a context in which quick iterations and easy adaptation of methodology
would be possible, with the ability to rapidly collect behavioural and experiential data.
12
1.5.1 Experimental Platform
To gather participants’ data in different settings, I designed a computerized experimental delivery platform
that would allow for easy experimental flow control and data collection, and would allow me to seamlessly
present questionnaires and experimental stimuli, such as games or negative mood inductions. The platform
was developed using Python, the microframework Bottle, and the lightweight SQL database SQLite.
I chose to build the experimental platform from scratch to have full control over the delivery and logging
format and to allow for an effortless integration of third-party plugins. Avoiding commercial software like
SurveyMonkey, Qualtrics, or FluidSurvey also allowed me to have full control over data storage and avoid
that any participants’ data was unintentionally made available outside of the experimental context.
The system was designed to be flexible, give developers and experimenters full control, and allow for
high data mobility. The system allowed me to easily integrate dynamic content, such as the Unity player or
JavaScript-based applications.
Based on my specifications and experiences with handling the experimental presentation, data collection,
and feedback to the user, the platform was later polished and re-implemented to increase usability and reduce
grown implementation complexity. The improved system—working title “Bride of the Frankensystem”—was
built by the PhD Students Colby Johanson and Jason Bowey. The system implements the model-view con-
troller pattern to display questionnaires, instructions, and dynamic systems, while providing a sophisticated
login architecture. The system is built using Python, SQLite, the microframework Flask, SQLalchemy, Jinja2
as a general template engine, a custom built JSON interpreter for easier questionnaire handling, and JQuery
for styling forms.
1.5.2 Unity
I chose Unity as the Game Engine for all implemented games and game-features, because it features a large
number of predesigned assets, has open-source games available for modification (saving development time),
a large and active community, and is relatively easy to learn. Using Unity resulted in reduced development
time and more time spent on getting crucial experimental design details right.
1.5.3 Experimental Environment: Amazon Mechanical Turk
Amazon Mechanical Turk (MTurk) is a marketplace for Human Intelligence Tasks (HITs) that connects
workers (i.e., people looking for online work) with requesters (i.e., people who request workers for online
work). HITs are tasks that require human input to be solved, e.g., image tagging. Amazon Mechanical
Turk is the largest crowdsourcing platform; the World Bank estimated that in 2015, there were 500,000
active workers, and the web tracker Alexa.com reports 750,000 unique visitors per day (Hitlin, 2016). Official
numbers do not exist.
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1.5.3.1 Advantages of Amazon Mechanical Turk
As an experimental environment, I chose Amazon Mechanical Turk, due to several criteria: 1) The large
number of workers—estimates suggest more than 500,000 active workers (Hitlin, 2016). 2) The potential
for quick iterations, even when running complex experimental setups, such as multi-day studies. 3) Being
able to gather different sample sizes dynamically, for example to test data logging or the functionality of
other experimental components, such as the Unity or JavaScript-based modules. 4) Access to a sample more
diverse than University students in its socio-economic status; see for example (Kees et al., 2017). 5) People
perform the study at home, which removes limitations caused by the experimental setup in the laboratory
such as observation-induced compliance biases. But even more important, I could study people in a context
that is not externally regulated like a laboratory would be. Considering that I’m interested in researching
volitional engagement, this last point assures that lab-induced biases are removed from the study.
1.5.3.2 Limitations of Amazon Mechanical Turk
While there are several advantages of crowdsourcing studies, there are also limitations: 1) The most obvious
limitation is the lack of control over the participant’s context, i.e., the environment they perform the study
in, including distractions and other uncontrollable events. 2) Participants can take breaks, which might have
negative effects on the study outcome. For example, emotional induction effects usually wear off after a short
amount of time (Buchanan et al., 1999). 3) People need to be instructed clearly on how to perform the study.
It is important to instruct participants to work quickly and without breaks. 4) Because of the lack of external
controls, researchers should evaluate if participants follow instructions by implementing controls and filtering
data based on these controls. For example, to sense when participants disengage with a task—be it to take
a break or because they got distracted.
1.5.3.3 Measuring Worker Behavior and Outlier Detection
Because of the lack of controls that are given in a lab study, it is beneficial to log user behaviour besides
other experimental data such as questionnaire data or performance data (e.g., accuracy in a shooter game).
Logging the time spent filling in a questionnaire or the number of times the browser window was not in focus
provides valuable information about differences in user behaviour and potentially helps to identify outlier
behaviour. The answers to the questionnaires themselves can also be used in a more fine-grained analysis of
behaviour—the variance users create when filling in questionnaires or the internal consistency when answering
questions in support of the same construct, e.g., Likert-scale responses to items such as “I feel capable doing
X” or “I feel competent at X” should produce approximately the same answer.
Another common practice for ensuring quality data in crowdsourced experiments is to include ques-
tions like “If you read this, please chose the leftmost response” to assure that participants are attentive
(Buhrmester et al., 2011). However, my experience (and reading worker forums) suggested that workers feel
overly controlled and mistrusted by these kinds of questions. After carefully controlling multiple datasets
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using attention questions to identify careless and inattentive work, I omitted attention questions as a mech-
anism to assure data quality and instead relied on the consistency, variability, and timing of questionnaire
responses.
1.5.3.4 Exclusion Criteria
In my work, I logged time-spent on questionnaires, evaluated response behaviour such as the produced
variance when responding to an item, and instructed participants clearly about how to fill in questionnaires.
I decided not to use attention questions, because of the negative responses from the MTurk community.
For all collected datasets, I set exclusion criteria based on the number of violations for three previously-
defined criteria. I created a count for violation of my criteria—a flag—and removed participants based on
the kind of violation and/or the number of violations; the applied criteria vary between studies based on the
importance of a criterion for a study (e.g., how time sensitive filling in the study is) and can be found in the
individual manuscripts. Criterion 1: Participants producing zero variance between items in more than two
questionnaires were flagged as violating my inclusion criteria and later removed independent of other criteria.
Responding with zero variance indicates that questions were not read and that the fastest way possible to
fill in a questionnaire was chosen. Criterion 2: I calculated violations of the time to fill in a questionnaire
dynamically. I set taking less than -1 standard deviation as the lower boundary, i.e., people who were faster
than the majority of all responses were flagged, and larger than +2 standard deviations, i.e., people who
responded slower than 97.8% of the sample. Only people who showed multiple violations were removed—this
criterion varied between studies depending on the study’s sensitivity to response time. Criterion 3: I flagged
outliers by looking at participants’ responses to individual scales. Participants who scored higher than +3
standard deviations on multiple scales, and participants who scored lower than -3 standard deviation on more
than three scales were removed. The number of participants removed by these criteria were usually less than
10%.
1.5.3.5 Worker Treatment
When gathering data from workers on Amazon Mechanical Turk, it is important to keep in mind that they
are real people doing the work for many different reasons. In my experience, treating workers fairly, regarding
payment, results in workers being motivated to do a good job even when exposed to a complicated task that
may even involve extra equipment such as a camera or a microphone (e.g., Miller et al., 2017; Muender et
al., 2016).
Workers communicate with each other in forums such as turkernation.com or mturkforum.com and use
ranking systems for tasks and requesters, i.e., Turkopticon. Used as a browser plug-in, Turkopticon allows
workers to see a requester’s ratings immediately, which allows workers to choose who to work with and
incentivizes good requester behaviour. Amazon itself does not feature a ranking system for requesters at this
point in time. I oriented my payment on the average minimum wages paid in the US, which is about $8 per
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hour and paid more for tasks that required additional effort; in general, payments averaged $9.725 per hour
over the studies described in my dissertation.
1.6 Dissertation Outline
The remainder of my thesis is comprised of four manuscript chapters that each includes an introduction,
a problem statement, a solution statement, the actual manuscript, a summary, and a discussion about the
relevance of the manuscript in context of my thesis. At the beginning of each chapter, I introduce the study
presented in the manuscript, followed by a problem statement that phrases the problem addressed in the
manuscript and the motivation to address the problem. With regard to the problem statement, I present a
solution statement and the steps I took to implement the solution including the research questions I asked
and a detailed design rationale for specific decisions made during the design process. After presenting the
actual manuscript, I present a short summary of the insights gained, and the lessons learned. Each chapter
is closed with a brief discussion about the relevance of the presented manuscript in the context of my thesis.
After I have presented all four manuscripts, I discuss my findings in context of the overall problem
statement of my thesis and present overarching lessons learned and potential future work. I finish my
presentation with a conclusion statement. Supplementary material used in my thesis, such as questionnaires,
can be found in the appendices.
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Chapter 2
Fostering Intrinsic Motivation
Citation: Birk, M. V., Atkins, C., Bowey, J. T., & Mandryk, R. L. (2016, May). Fostering intrinsic
motivation through avatar identification in digital games. In Proceedings of the 2016 CHI Conference on
Human Factors in Computing Systems (pp. 2982-2995). ACM.
Acknowledgment: Under my direction, Jason Bowey and Cheralyn Atkins were responsible for the
development of the avatar creator and the implementation of the infinite runner. They also implemented
the data logging for the infinite runner. Cheralyn Atkins provided the technical description of the avatar
customizer in Manuscript A.
In coordination with my supervisor, Dr. Regan Mandryk, I was responsible for the research direction,
experimental design, system design, data gathering, data analysis, and reporting.
My goals in Manuscript A were to stimulate identification with an avatar in a short interactive application
to investigate how identification translates into engagement with a casual game. I conducted a study with
126 participants on Amazon Mechanical Turk. Half of all participants watched a video of another person
customizing a neutral avatar and the other half were given the opportunity to customize their own avatar.
They key finding was that increased identification with an avatar positively affects play experience, reflected
in increased self-reported measures of engagement and in engaging with the game for an increased period of
time.
2.1 Problem and Motivation
While the effects of identification have been shown in a general game context (Trepte & Reinecke, 2010; Van
Looy et al., 2012) (see Section 1.4.2), the question remains if avatar identification fosters motivation in a
research context in which internal validity has priority. Games are created artistically coherent—meaning
that all elements of a game such as the visual aesthetics, a potential narrative game narrative, and the game
mechanics work together to create an experience. In a research context, however, researchers can only partially
recreate the experience players have when engaging with a game that is solely created for fun. The way
people are invited to an experiment, additional instruments such as questionnaires, and financial incentives
to play prevent a coherent play experience. However, researchers and practitioners need well-evaluated design
strategies that have been shown to be effective in inducing motivation in controlled, experimental contexts
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to further understand and leverage design strategies, for example, in an applied context such as in an online
training application. From a research perspective, it remains unclear if design strategies such as avatar
customization produce inherently-motivating experiences when investigated in a research context.
Depending on the application area, it is important not only to induce self-reported changes in motivation,
but to actually show changes in behaviour. When researching persuasive strategies, for example, showing
that attitude has slightly shifted as a result of a persuasive intervention is a result that needs to be interpreted
with care when the goal is to induce behaviour change, because self-reported attitude measures suffer from
social expectation (Ajzen, 1991), leading to a gap between self-reported attitude and behaviour in persuasive
research (Cooke & Sheeran, 2004). In my dissertation, I am interested in the effects of avatar customization
on motivated behaviour to improve technology-enabled services. Therefore, one goal of Manuscript A is to
investigate the effect of avatar customization on motivated behaviour.
The problem addressed in this manuscript is that researchers and designers of technology-enabled services
lack well-evaluated inherently-motivating design strategies that have been shown to translate into behaviour.
2.2 Solution and Steps to Solution
To address the lack of research on feasible design strategies, I investigated the effects of avatar identification
on play experience and motivated behaviour. I decided to conduct my research in a crowdsourced online study
and develop a thoughtful experimental protocol that aimed to address limitations of online experiments by
design, prioritizing internal validity while maximizing external validity.
In an online study on Amazon’s Mechanical Turk (MTurk), half of the participants were instructed to
customize the appearance, personality, and skillset of an avatar; the remaining participants were assigned a
random avatar (of their preferred sex) followed by a video of another user customizing the avatar. The avatar
was then used by the participants to play four timed rounds of an exertion-in-the-small (Sheinin & Gutwin,
2014) infinite runner game, after which affect, intrinsic motivation, and need satisfaction were measured with
the goal of determining how avatar identification relates to self-determined play. Finally, participants played
a final untimed round of the game that ended after 30 minutes—a virtually infinite amount of time in a paid
online study. Alternatively, participants could click on a quit button to end the game and proceed in the
experiment. The untimed version of the game allowed for the measurement of volitional play.
2.2.1 Research Questions
To explore the role of avatar identification, I asked and answered five research questions:
RQ1: Does avatar customization increase identification?
RQ2: Does avatar identification improve in-game needs satisfaction (i.e., competence, autonomy,
relatedness, immersion, and intuitive control)?
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RQ3: Does avatar identification improve intrinsic motivation (i.e., enjoyment, effort, and reduced
tension)?
RQ4: Does avatar identification increase positive affect or reduce negative affect?
RQ5: Does avatar identification translate into motivated behaviour (i.e., do players who identify
with their avatar spend longer in the unending infinite runner?)
2.3 Design Rationale
When designing the study to answer my research questions, I was confronted with several challenges requiring
carefully thought through design decisions. I needed to decide on the general context of the study. The play
environment had several requirements: 1) The game needed to look like a game. 2) The game needed to
allow participants to interact with an avatar in a believable context. 3) To measure free-play as a proxy of
engagement, the game needed to feature variable play time. 4) The game also needed to provide challenge and
allow for player input to feel like a game. 5) To increase internal validity and assure similar behaviour across
participants, the game also needed to have a built-in mechanism that would prevent participants to leave
the experimental situation for a few minutes and come back, quit mid play, or just wait inactive in front of
the screen—all potential options in the privacy of their homes. 6) The game needed to allow me to measure
engagement operationalized as self-reported experience and as displayed behaviour in the same context.
Measuring behavioral engagement required a task with variable length to avoid ceiling effects. The internal
validity of self-reported behaviour, however, benefits from a fixed length to keep the experience comparable
between participants. To measure both in the same study, an appropriate game needed to support variable
length.
I chose an infinite runner as a game, because it fulfilled all the above listed criteria. Choosing an infinite
runner game provided a context that allowed participants to engage in a game with variable length and
provided me with the means to measure player behaviour and assure engagement—the game only proceeded
if players alternated between pressing N and M on their keyboard; if they stopped pressing these keys, the
avatar stopped moving and the game time stopped, preventing participants’ study progress. This turned out
to be an important decision, because it allowed me to assure that all players stayed engaged over the time of
the experiment and to remove those who didn’t stay engaged from the analyses.
2.4 Manuscript A
Fostering intrinsic motivation with interactive applications can increase the enjoyment that people experience
when using technology, but can also translate into more invested effort. We propose that identifying with an
avatar in a game will increase the intrinsic motivation of the player. We analyzed data from 126 participants
playing a custom endless runner game and show that similarity identification, embodied identification, and
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wishful identification increases autonomy, immersion, invested effort, enjoyment, and positive affect. We
also show that greater identification translates into motivated behaviour as operationalized by the time
that players spent in an unending version of the infinite runner. Important for the design of games for
entertainment and serious purposes, we discuss how identification with an avatar can be facilitated to cultivate
intrinsic motivation within and beyond games.
2.4.1 Introduction
When people are intrinsically motivated to complete a task—that is, they do so based on the inherent
satisfaction derived from the action itself (Ryan et al., 2006)—there are many benefits. Broadly speaking,
intrinsically motivated people are willing to invest more effort into a task and derive more enjoyment from it
(Deci & Ryan, 2000). In the case of interactive technology, fostering intrinsic motivation with our applications
should translate into more effort invested in the task at hand and more enjoyment as a result of using the
application (Ryan et al., 2006). This increased engagement has implications for both the designers and
consumers of interactive technology. For example, consider an educational application designed to help
people learn a language; increased effort invested by the user could translate into improvements in language
learning. Or consider a citizen science application in which people contribute to finding new proteins that
cure diseases such as HIV/AIDS, Cancer, or Alzheimer’s (Cooper et al., 2010); increased enjoyment using
the application could translate into more use, and thus a more complete database of proteins. Because of
the potential benefits of increased engagement, creators of interactive technology should ask how they can
foster intrinsic motivation through design. One place that designers can look for motivation is digital games.
Recent estimates suggest that more money is spent purchasing games (92b) than music (18b) and movies
(62b) combined (Dring, 2015). Four out of five American households own a device that is used to play video
games and 115 million Americans play games (Entertainment Software Association, 2015). Internationally,
the global game market is expected to exceed 102 billion by 2017 (Entertainment Software Association, 2014).
Although people sometimes assume that it is highly immersive console and computer games that drive the
game industry, 35% of those same revenues are expected to be generated through smart phones and tablets,
on which people tend to play games that are more casual in nature. With so much time and money being
spent (by choice) on digital games, researchers have questioned what it is about games that make them so
motivating to play (Ryan et al., 2006) and how we can translate these motivating features into non-game
environments—a process known as gamification (Deterding et al., 2011). Serious games—games that leverage
this ability to motivate behaviour and retain attention in serious contexts—have been effective at encouraging
behaviour change and fostering activities that lead to learning (Rigby & Przybylski, 2009).
There are various theories that explain why games are engaging (Sweetser & Wyeth, 2005; Brockmyer et
al., 2009); the most prevalent arises out of Self-Determination Theory (SDT) (Ryan et al., 2006). Being self-
determined describes a state in which people have their basic psychological needs for perceived competence
(i.e., demonstrating mastery over challenges), autonomy (i.e., doing so under their own volition), and relat-
20
edness (i.e., doing so while feeling connected to others) satisfied through the activity. Satisfying these needs
leads to people who are intrinsically motivated to perform the activity. Designing with need satisfaction in
mind is one way that we can design better games (Trepte & Reinecke, 2010); however, this solution works on
the level of the game itself—it helps us build a better interactive application. There is also an argument for
seeking ways to foster motivation through methods and approaches that apply across a range of applications.
For example, Trepte and Reinecke (2010) showed that creating an avatar that a player identifies with
increases the imagined enjoyment of playing a game with that avatar. And given that so many players
invest so much time into creating, equipping, and playing with their virtual representations in massively
multiplayer online role-playing games (MMORPGs) (Livingston et al., 2014), it is not unreasonable to assume
that extending the use of an avatar that players identify with into multiple new contexts would translate the
enjoyment that stems from avatar identification into those new contexts.
However, although it is clear that identifying with an avatar has benefits in the game being played, there
are several reasons why it is not feasible that these benefits will extend outside of the specific context of the
game. First, there are issues with intellectual property and copyright; second, there could be mismatches
between the environment that the avatar was created in (e.g., space fantasy adventure) and the environment
in which it would be used (e.g., oil rig training application); third, there is a large proportion of users who
do not play the kinds of games that foster avatar identification; and fourth, it is not clear whether there are
clear benefits of avatar identification in the kinds of lightweight, casual games that are often used for serious
purposes. Thus, it is reasonable to ask whether or not we can leverage the advantages of avatar identification
seen in immersive and persistent games and translate them into other games and tasks that are temporary
or casual.
In this paper, our goals are to stimulate identification with an avatar in a short interactive application, and
then investigate how identification translates in a casual game, as opposed to a game that requires significant
and deep engagement. We conducted an online study on Amazon’s Mechanical Turk (MTurk), in which we
told players that they would be customizing an avatar to use in a series of future tasks. We allowed half of
the players to customize the appearance, personality, and skillset of their avatar; the remaining players were
assigned a random avatar (of the same sex) and watched a video of another user customizing the avatar.
The avatar was then used to play four timed rounds of an exertion-in-the-small (Sheinin & Gutwin, 2014)
infinite runner game, after which we collected measures of affect, intrinsic motivation, and needs satisfaction
to determine how avatar identification relates to self-determined play. Finally, we included a behavioural
measure of motivation in which we had participants play a final un-timed round of the game that had no
ending (there was a quit button in the corner that players could press), which allowed us to gather an
objective and behavioural measure of their motivation.
We asked five main research questions:
RQ1: Does avatar customization increase identification?
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RQ2: Does avatar identification improve in-game needs satisfaction (i.e., competence, autonomy,
relatedness, immersion, and intuitive control)?
RQ3: Does avatar identification improve intrinsic motivation (i.e., enjoyment, effort, and reduced
tension)?
RQ4: Does avatar identification increase positive affect or reduce negative affect?
RQ5: Does avatar identification translate into motivated behaviour (i.e., do players who identify
with their avatar spend longer in the unending infinite runner?)
Our results showed that avatar customization stimulated identification with the avatar. In terms of
game experience, we used hierarchical regressions with the three types of identification (similar, embodied,
wishful) as individual continuous predictors to show that greater identification increased autonomy, immer-
sion, invested effort, enjoyment, and positive affect. We also show that greater identification translates into
motivated behaviour as operationalized by the time spent in the unending infinite runner.
2.4.2 Related Work
We present research from three areas of interest: identification with media characters, identification with
avatars in games, and how intrinsic motivation is fostered in games.
2.4.2.1 Identification with Media Characters
Identification is the degree to which individuals like a character, empathize with a character, or perceive
a character as being similar to themselves (Cohen, 2001; Ryan et al., 2008). Identifying with a character
has been shown to increase media enjoyment (Trepte & Reinecke, 2010), has increased the persuasiveness
of messages (Moyer-Guse´ & Nabi, 2010; Moyer-Guse´ et al., 2011), and has improved health outcomes (Kim
& Sundar, 2012). Identification has also been shown to increase aggression (Konijn et al., 2007), addiction
(Smahel et al., 2008), and depression (McDonald & Kim, 2001; Bessie`re et al., 2007). Although we can
make assumptions about how identification with a media character from film or television will translate
into a game environment, there is one big difference: in games, the player often controls the actions of
a character—exhibiting agency in the digital environment (Fullerton, 2014)—which is not possible with
traditional film or television characters (Fullerton, 2014). Klimmt et al. present arguments and evidence to
describe avatar identification in video games as a shift of self-perception (Klimmt et al., 2010; Christoph et
al., 2009) that allows a player to temporarily become one with a character. Murphy (2004) argues that games
expand television as a space for identification by allowing people to interact with and through characters. In
traditional linear narratives like plays and stories, the action of the protagonist defines their characteristics
and personality; however, games have the ability to go beyond mere observation by allowing players to create
and dynamically evolve their characters (Neustaedter & Fedorovskaya, 2009). While traditional narratives
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rely on empathy (Tomlinson, 2005)—the viewer’s identification with the emotions of a character—interactive
computer games emphasize agency—the direct control of a player over the behavior and development of their
character (Fullerton, 2014). Balancing empathy and agency in the design of game characters is of essence
to create a compelling experience (Fullerton, 2014), which is positively perceived by the audience (Mallon &
Webb, 2005).
2.4.2.2 Identification with Avatars in Games
Players of digital games spend extensive hours playing a game, often with a single avatar (Livingston et
al., 2014). Avatars allow players to project their identity into a virtual environment (Ducheneaut et al.,
2009), are a means to explore our own identify (Van Reijmersdal et al., 2013), or to play with different
forms of identify (e.g., gender swapping; see Hussain & Griffiths, 2008), and are a means to form social
relationships in games (Livingston et al., 2014). It is not surprising that players identify strongly with their
digital representation; an avatar is a digital artifact that is valued both personally (Livingston et al., 2014)
and financially (Castronova, 2004). Prior research has shown that identifying with an avatar has positive
outcomes for play experience and enjoyment (Trepte & Reinecke, 2010), shapes our behaviour outside of the
game (Yee & Bailenson, 2007), and makes us more susceptible to persuasive messages (Murphy, 2004).
Player-Avatar Convergence Avatars need not just represent us as we are, but also can represent us
as we wish to be—otherwise known as wishful identification (Hoffner, 1996; Hoffner & Buchanan, 2005).
Convergence between characteristics of an avatar and of the ideal characteristics of a player (their ideal-
self; see Przybylski et al., 2012) have been shown to create higher levels of immersion and are predictive
for intrinsic motivation and positive affect after game play (Przybylski et al., 2012). However, avatars that
represent who we are (actual-self; see (Przybylski et al., 2012)) have value: avatar-player similarity has
been shown to be positively related to identification (Trepte & Reinecke, 2010). However, researchers have
also showed that players sometimes sacrifice avatar-player convergence (harming identification) for strategic
reasons in competitive play; e.g., by choosing avatar attributes that are dissimilar to themselves, but that
help their chances of winning (Vasalou & Joinson, 2009).
The idea behind player-avatar convergence can also be extended to the similarity between the avatar and
the player’s idea of who they are during play, i.e., their game-self (Abuhamdeh et al., 2014). The discrepancy
between who we are and who we wish to be is predictive of negative health outcomes, e.g., depression and
anxiety (Gonnerman et al., 2000), and these results may also extend into our game-selves—players with lower
avatar-self convergence also experience lower levels of well-being.
Facilitating Identification Because of the established benefits of identifying with an avatar, various
methods for facilitating this relationship have been suggested. Trepte and Reinecke (2010) showed that
customizing an avatar increases identification and leads to higher enjoyment, and also that creating an avatar
that has high similarity to the player increases identification, and ultimately game enjoyment. Schneider et al.
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(2004) showed that participants who played a first-person shooter game that included a narrative experienced
more identification with their avatar than those who played a non-narrative version. Crenshaw and Nardi
(2014) showed that when creating an avatar, the given name is important to increase identification.
However, the choices made in avatar creation can be context dependent: whereas identification facilitates
enjoyment, players may optimize their characters for a particular game context to maximize their chances of
succeeding and to comply with the underlying game mechanism (Trepte & Reinecke, 2010; Livingston et al.,
2014). Vasalou and Joinson (2009), for example, show that an avatar’s appearance is adapted to the content
of a game, e.g., creating an attractive avatar in a dating game. Literature shows that there are multiple ways
to facilitate identification; our goal is to use identification to foster intrinsic motivation.
2.4.2.3 Intrinsic Motivation in Games
Self-determination theory (Ryan et al., 2006) is a well-grounded theoretical framework that allows us to
explain the intrinsic motivation that people have to play games due to having their basic psychological
needs satisfied through game interaction. The traditional model proposes three needs (Deci & Ryan, 2000):
Competence is the need to experience mastery and control over the outcome of a challenge, e.g., having
a clear objective in a game; Autonomy is defined as the need to engage in a challenge under one’s own
volition, e.g., selecting challenges that are in-line with our personal perception of challenge; Relatedness
is the universal need to feel connected to others, e.g., playing a game with friends. The model has been
extended to capture the unique characteristics of digital games with Presence/Immersion, the experience
of being transported into a virtual environment; and Intuitive Control, which describes the naturalness of
the game input.
Game designers (VandenBerghe, 2014) have adopted Self-Determination Theory as a model to describe
how games facilitate need satisfaction. First, by providing challenging tasks that allow us to experience
a sense of mastery; second, by creating autonomy by allowing players to customize their avatars, choose
different pathways through a level, or by allowing them to choose the group to play with; and third, by
creating social environments that provide a variety of tools to create a sense of relatedness, e.g., in-game
messenger, trade systems, and challenges that can only be mastered as a group. The Player Experience of
Needs Satisfaction Scale (PENS) (Ryan et al., 2006) was developed to assess the subjective satisfaction of
needs in video games and has been broadly applied in research on digital games.
The Intrinsic Motivation Inventory (IMI) defines intrinsic motivation using the following four constructs
that comprise intrinsic motivation: interest-enjoyment, pressure-tension, competence, and effort-importance.
The need satisfaction constructs and intrinsic motivation constructs are related in the context of gameplay;
research has demonstrated that the satisfaction of needs predicts intrinsic motivation (McAuley et al., 1989).
These measures are all derived from players reporting on subjective scales; however, there have also been
attempts to measure intrinsic motivation to play games objectively by capturing instances of motivated
behaviour.
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Behavioral Measures of Motivation Subjective instruments give important insights into a player’s
experience and allow us to make assumptions about how a player’s reported state might relate to their
behaviour—for example, their game choice, the time spent in game, the recommendation to others, or their
financial investment. Ryan et al. (1991) showed that being intrinsically motivated increases the time spent
on a puzzle task. In an online game, Yee and Bailenson (2007) demonstrated a relationship between in-game
behavior and motivation—that being motivated by achievement resulted in players optimizing their controls.
Hars and Shaosong Ou (2001) show that intrinsic motivation drives participation in open source projects,
and Childers et al. (2001) show that the enjoyment of online shopping experience translates into shopping
behaviour. In the context of games, Birk, Toker, et al. (2015) showed that enjoyment and motivation predicted
aspects of in-game behaviour, including more logins and greater social interaction with other players.
In addition to establishing links between subjective reports of motivation and behaviour, researchers
have also measured motivated behaviour directly. Abuhamdeh et al. (2014) offered participants a choice of
continuing to play a game that they won by either a slim or wide margin, and identified this as a behavioural
measure of intrinsic motivation. In developing the PENS instrument, Przybylski et al. (2010) conducted a
series of studies and used a behavioural choice for continued play after the study play period (a dichotomous
choice) as an indicator of a motivational outcome. Finally, the time spent on boring or repetitive tasks, e.g.
knob turning (Sansone et al., 1992), has been used before to measure task motivation.
2.4.3 Experiment Design
We conducted an online study in which we facilitated avatar identification in half of our participants and then
had them play a custom infinite runner game. We measured identification, play experience and motivated
behaviour.
2.4.3.1 Avatar Creator
To manipulate avatar identification, we built a character creator using C# and the Unity 4.6 game engine
(Unity Technologies, 2014), Unity Multipurpose Avatar 2 (UMA Steering Group, 2015), the AL Male Civilian
Pack for UMA (AlienLab, 2014), UMA Dresses (Lunatic Fringe Games, 2014), UMA Hair Pack 1 (Will B,
2015), and the UMAzing In-Game Character Creator (Strafejump Studios, 2014). During the creation
process, participants were asked to create an avatar and adjust the avatar’s appearance, personality, and
attributes (characteristics). Participants were required to spend a minimum of four minutes in the character
creator, but could take longer if they wished. Once appearance, personality, and character attributes were
customized, and the 4 minutes had passed, participants were shown a summary of their character and asked
to enter a nickname (Crenshaw & Nardi, 2014) before moving on (see Figure 2.1).
Appearance: Participants could customize the avatar’s sex (2 choices), skin tone (5), hairstyle (4), hair
colour (4), eye colour (4), upper clothing (3), lower clothing (3), clothing colours, and shoes (2). While hair
colour (brown, blond, black, and red), and eye colour (blue, green, brown, and green), were limited to one
25
Figure 2.1: Avatar Creator displaying. Top left (a): Appearance; Top right (b): Personality; Bottom
left (c): Attributes; Bottom-right (d): Summary. Similarity to authors is purely coincidental.
of naturally-appearing discrete choices, clothing colours were picked using a colour picker supporting 16.7
million colours.
Personality: Participants were asked to answer ten statements describing their character’s personality.
The personality characteristics matched the items from the BFI-10 personality questionnaire (Rammstedt &
John, 2007) (e.g., “is reserved”, “tends to find fault with others”); the instructions were changed to “I see
my avatar as someone who. . . ” Participants rated their agreement on a 5-pt Likert-scale (disagree strongly
to agree strongly).
Attributes: Participants were required to assign eighteen points to their character’s intelligence, stamina,
willpower, charisma, dexterity, and strength, giving them the opportunity to favour certain attributes. The
process required participants to assign at least one point in each category.
Summary The summary displayed the created avatar next to the personality and attribute profile. The
personality responses were displayed as prose, using the responses from the BFI-10 questionnaire (Rammstedt
& John, 2007). We adjusted the text, matching it to the avatar’s sex, e.g., “She tends not to be lazy, and
mostly does a thorough job”. The purpose of the summary was to reinforce the characteristics of the created
avatar, and give the player the sense that their avatar had a profile. After accepting the summary, participants
named their avatar.
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Figure 2.2: Timed Infinite Runner.
Manipulating Avatar Identification To manipulate identification, we allowed half of our participants
to use the avatar customization tool. We told participants (who were MTurk workers) that they would be
customizing an avatar to use in a series of MTurk tasks that would be released in the future, using personalized
invitations to participate. They were told that in future studies we would make use of the avatar’s personality
and skills (for example by assigning a task that matched the avatar’s abilities), but that the current task
was focused on the creation process and thus the avatar would be used in a simple game unrelated to their
personality and skills.
The other half of the participants were randomly assigned an avatar of the same sex, from a set of four
avatars. We created 2 different personality sets: the first set (Personality A) showed low extraversion, high
neuroticism, and a tendency for low agreeableness. Openness, and conscientiousness were kept ambiguous.
The second set (Personality B) was high on extraversion, high on agreeableness, and a tendency to be open.
Neuroticism and conscientiousness were kept medium. We also created two sets of attributes for both sexes.
The first set (Attributes A) emphasized high intelligence (5 points), high charisma (4 points), and elevated
dexterity (3 points); the other attributes received 2 points each. The second set of attributes (Attributes
B) emphasized high strength (6 points), high stamina (5 points) and low intelligence (1 point). The other
attributes received 2 points each. The personality and attribute sets were crossed to four different avatars for
each sex: Personality A, Attributes A; Personality A, Attributes B; Personality B, Attributes A; Personality
B, Attributes B. We kept all characteristics of the avatar’s appearance very neutral. A mid-range skin tone
and brown hair was chosen, and avatars of both sexes were dressed in a grey shirt and black pants.
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Figure 2.3: Endless Infinite Runner; the timed version had the same layout except with a timer
instead of the quit button.
Following the same procedure used in (Hanus & Fox, 2015) to study the persuasiveness of avatars as
virtual salespeople, participants in the randomly-assigned avatar group watched a video of the creation and
customization of their avatar. We created four videos for each sex with the four different personality and
attribute configuration. Participants could not intervene in the creation process and only passively watched
the assigning of appearance, personality, and attributes. In contrast to the customization process, participants
who watched the video were not allowed to name their avatar; instead the avatar was represented as “Player
1” throughout the study.
2.4.3.2 Gaming System: Infinite Runner
Infinite Runner is an infinite runner game in which players run down a street, collecting coins, while avoiding
obstacles. The game was implemented in C# using Unity 4.6 (Unity Technologies, 2014) and the 3D Infinite
Runner Toolkit (Dreamdev Studios, 2014).
Gameplay: Players run down a dark street by controlling the previously-created or assigned avatar.
Players have three kinds of actions to avoid obstacles: change lanes on the street, (i.e., left, middle, or right),
jump, and roll. The player’s score was increased by collecting coins; each coin added one point to the player’s
score. The game featured 3 types of obstacles: buses, signposts, and cars. Buses could not be jumped over
and forced the player to change lanes. Signposts could be avoided by rolling. Cars could be avoided by
jumping over them or moving around them. To increase difficulty, hitting an obstacle slowed the player down
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for one second and deducted 10 points.
Controls: The player had to alternate between pressing the N and M keys in order to keep the character
running forward. Forcing players to constantly press buttons served two purposes: 1) it made the task
more tiring, and therefore required more effort to stay invested; and 2) the constant input ensured that
participants didn’t simply wait until the game time expired—the timer stopped progressing if participants
stopped running. Players switched lanes by pressing the A key (left), and the D key (right), and pressed the
W key to jump over obstacles and the S key to roll.
Versions: Participants played four rounds of a timed version of the infinite runner (see Figure 2.2), and
also one round of the endless infinite runner (see Figure 2.3). The only difference between the timed and
endless versions was that the timed rounds lasted for 60 seconds, whereas the endless round allowed the
participant to play until they pressed a quit button, which appeared in the top left corner (see 2.3). We set
a threshold of 20 minutes of time passing (or 10 minutes of active running time) in the endless runner to
ensure that participants had time within the MTurk system to complete the post-experiment questionnaires.
2.4.3.3 Measures
We collected both subjective and behavioural measures.
Identification
Identification was measured using the avatar-related sub-scales of similarity identification, embodied
identification, and wishful identification from the Player Identification Scale (PIS; Van Looy et al., 2012).
Participants were instructed to rate their agreement to identification-related statements, e.g., similarity—
“My character is like me in many ways.”; embodied—“I feel like I am inside my character when playing”;
wishful—“I would like to be more like my character”.
Player Experience
Positive and Negative Affect was measured using the Positive Affect / Negative Affect Scale (PANAS;
Watson et al., 1988). Participants were instructed to indicate how they felt “right now” using a list of adjec-
tives, e.g., “active” or “upset”, and rating their agreement on a 5-pt Likert scale. PANAS has been used to
evaluate games before (Greitemeyer & Osswald, 2010).
Intrinsic Motivation was measured using the Intrinsic Motivation Inventory (IMI; McAuley et al.,
1989). The IMI measures the constructs interest-enjoyment—“I enjoyed this game very much.”, effort-
importance—“I put a lot of effort into this game.”, and tension-pressure—“I felt tense while playing the
game.”. Each construct was measured using agreement to statements on a 7-pt Likert-scale. The IMI has
been used in games research before (Ryan et al., 2006).
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Need Satisfaction , based on Self-Determination Theory (Deci & Ryan, 2000), is a predictor of intrinsic
motivation. Need Satisfaction of competence (i.e., demonstrating mastery over challenges), autonomy (i.e.,
doing so under one’s volition), and relatedness (i.e., doing so while feeling connected to others) as experienced
during play, was measured using the Player Experience of Need Satisfaction Scale (PENS; Ryan et al., 2006).
PENS adds two additional constructs: presence and intuitive control that have been identified as being
relevant in the context of games (Ryan et al., 2006). Each of the five constructs were measured using
agreement to statements on a 7-pt Likert-scale.
Game Performance
Additional in-game metrics were used to measure performance, i.e., the number of obstacles hit and the
number of coins that were collected indicated in-game performance.
Motivated Behaviour
Motivated behaviour was operationalized as time spent actively running in the endless round of the
infinite runner; investing more effort into a game and showing higher levels of endurance during an engaging
but tiring task have previously been used as an objective measure of motivation (Sansone et al., 1992).
Objective motivation in the context of Infinite Runner is measured using time spent actively running in the
final endless round (i.e., time spent alternating between M and N presses) before pressing the quit button.
2.4.3.4 Participants and Deployment Platform
130 participants (40% female) with an average age of 31.62 (SD = 8.12) participated in our study through
Amazon Mechanical Turk (MTurk), a platform that acts as a broker between parties offering a range of
Human Intelligence Tasks (HITs) (e.g., marketing questionnaires or research studies) and paid workers.
Participants received $6 compensation paid through the platform. Although it has been shown that MTurk
is a reliable research tool (Mason & Suri, 2012), we measured the time spent per questionnaire to evaluate
task performance and ensure that participants were attentive despite the online setting (Hauser & Schwarz,
2016). Participants were excluded from further analysis based on the following: if participants filled in more
than 2 surveys with zero variance between items, or showed ratings of ±3SD in more than 2 questionnaires.
After these filters were applied, 126 participants (38.9% female) with an average age of 31.61 (SD = 8.20)
were included in further analysis. Excluding participants based on quality criteria is a standard approach
for data collected via crowdsourcing platforms; the applied criteria were suggested by (Mason & Suri, 2012).
Ethical approval was obtained from the University of Saskatchewan behavioural research ethics board, and
participants were asked to provide informed consent. To comply with ethical guidelines, the HIT was only
made available to workers in the USA who were older than 18. Additionally, only workers with an approval
rate above 90% were offered the HIT as a means of quality control.
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2.4.3.5 Procedure
Participants first received information about compensation and the expectation to answer attentively and
quickly, and were then asked to give informed consent. Task duration was also revealed; to avoid time as a
source of pressure, the allotted time was 20 minutes longer than the average time needed in a pilot study
with 18 participants. At the beginning of the experimental phase, participants filled out a demographics
questionnaires asking about, e.g., age, and gender, and PANAS to measure baseline affect. Afterwards,
participants were randomly assigned to one of two groups: the customization group or the random avatar
group. After creating an avatar (or watching an avatar being created), participants answered the identification
scale. Next, each participant was told that they were being connected to a group of online players (to increase
the social relevance of the situation and stimulate investment in the experiment), and they then played two
blocks with two rounds in each block of Timed Infinite Runner. Each round lasted 60 seconds. After each
round, participants were presented with a manipulated leaderboard showing their progress relative to the
other simulated players. The first round in each block presented neutral feedback and the second round
presented neutral feedback in block one and losing feedback in block two. Leaderboards have been shown to
be effective at manipulating play experience and creating controlled variance in the game experience across
participants (Bowey et al., 2015).
After each block, participants filled out the PANAS, PENS, and IMI scales. After answering the question-
naires after the second block, participants played Endless Infinite Runner for a maximum of 20 minutes (10
minutes of active running). A red quit button was presented at the top left corner of the screen (see Figure
2.2) to indicate that participants could quit Endless Infinite Runner any time. After 20 minutes, the game
ended regardless, and participants were forwarded to the last set of questionnaires, in which we collected
the PANAS, and additional demographics questionnaires. Finally, participants stated the purpose of the
experiment in their own words, after which the purpose of the experiment was disclosed. We ensured that
participants understood the deception of the leaderboard manipulation, and the avatar being used across
multiple experiments by asking simple comprehension questions.
Data Analyses Collected data was analyzed using SPSS 23, with the PROCESS-macro for SPSS from
(Hayes, 2013). IMI and PENS data after rounds 2 and 4 of the timed running game were averaged to
capture the full the experience of Timed Infinite Runner. To capture the change in affect starting before the
experiment to after the final round of Endless Infinite Runner, we calculated the change in affect (positive
and negative individually) from baseline measurements to the values gathered after Endless Infinite Runner.
To test the effects of identification (as a continuous variable, rather than a group treatment) on the
dependent measures, we conducted hierarchical linear regressions. Because sex and age can affect measured
need satisfaction and intrinsic motivation during play (Ryan et al., 2006), we entered these two measures into
the first block of the regressions. We then report the R2-change of adding identification as a predictor of: the
five needs satisfaction measures, the three intrinsic motivation measures, the two affect measures, and the
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Figure 2.4: Mirrored Histograms for the Video Condition (left) and the Customized Avatar condition
(right).
measure of motivated behaviour. Separate regressions were conducted for the three types of identification
(similarity, embodied, and wishful). We set α at 0.05.
2.4.4 Results
To understand the effects of avatar identification on player experience, intrinsic motivation, and motivated
behaviour, we formulated five research questions based on prior work. We present our results according to
these five questions.
2.4.4.1 RQ1: Does avatar customization increase identification?
Our first research question was to check that our manipulation of customization was stimulating a range of
identification values. First, we conducted a multivariate ANOVA on the three measures of identification,
with customized avatar (n = 58) or randomly-assigned avatar (n = 68) as the between-groups factor. The
slight group size differences are an artifact of random assignment; however, ANOVAs are robust to small
group size differences for main effects (Field, 2013). We show that customizing the avatar increases similarity-
identification (F1,124 = 19.8, p < .001, η
2 = .14), embodied-identification (F1,124 = 9.41, p = .003, η
2 = .07),
and wishful-identification (F1,124 = 7.03, p < .009, η
2 = .05) over randomly assigning an avatar, suggesting
that the customization process was effective at stimulating avatar identification, as suggested by previous
work (Hanus & Fox, 2015) (see Figure 2.4). Although there are significant group differences, Figure 2.4
shows how the differences are created from overlapping distributions of identification (as is expected of group
differences; see Field, 2013). As our interest is not in the results of customization, per se, but in identification
(which could be facilitated using a range of methods), we use identification with the avatar as a continuous
predictor of experience and motivation measures in the remaining research questions.
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2.4.4.2 RQ2: Does avatar identification improve in-game needs satisfaction (i.e., competence,
autonomy, relatedness, immersion, and intuitive control)?
The hierarchical regressions (described in the section on data analyses) showed that when controlling for age
and gender, identification similarity significantly predicted autonomy and immersion, but not relatedness or
competence (see Table 2.1). The same pattern was true for embodied identification and wishful identification.
In addition, intuitive control was significantly predicted by similarity and embodied identification, but not
wishful identification.
2.4.4.3 RQ3: Does avatar identification improve intrinsic motivation (i.e., enjoyment, effort,
and reduced tension)?
The hierarchical regressions showed that when controlling for age and gender, identification similarity signif-
icantly predicted enjoyment and effort, but not tension (Table 2.1). The same was true for embodied and
wishful identification.
2.4.4.4 RQ4: Does avatar identification increase positive affect or reduce negative affect?
The hierarchical regressions (Table 2.1) showed that when controlling for age and gender, identification
similarity, embodied identification, and wishful identification all significantly predicted positive affect, but
not negative affect.
2.4.4.5 RQ5: Does avatar identification translate into motivated behaviour (i.e., do players
who identify with their avatar spend longer in the unending infinite runner?)
The hierarchical regressions showed that when controlling for age and gender, identification similarity, embod-
ied identification, and wishful identification all predicted the motivated behaviour, which we operationalized
as the time spent actively running in the endless infinite runner. Eight participants reached the 10-minute
threshold; in these cases the experiment proceeded automatically.
2.4.4.6 Summary of Results
Our results showed that avatar customization stimulated identification with the avatar, which we then used
as a predictor in a series of hierarchical regressions (controlling for age and gender). Greater identification
predicted increases in autonomy, immersion, invested effort, enjoyment, and positive affect. We also show
that greater identification translates into motivated behaviour as operationalized by the time spent in the
endless infinite runner. Finally, we show that these relationships are true for the three constructs underlying
identification: similarity to the avatar, a feeling of embodied presence within the avatar, and wishing that
one could be more like the avatar.
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With R2-values between .07 and .22, the presented effects are considered as small; however, small effect
sizes in games user research are not uncommon, because of the complex interaction between individual
characteristics of the player and the game (Birk, Mandryk, et al., 2015; Steinemann et al., 2015; Zendle et
al., 2015).
2.4.5 Discussion
Although our avatar creation process is a pared-down version of the types of character creators seen in
role-playing games, such as World of Warcraft, we still show differences in identification and subsequent
experience and motivated behaviour. The identification that can be created in the lab can be considered as a
poor copy of the deep identification with a character that happens when players engage with games through
digital representations over the long term.
We assume that the observed motivational and emotional responses would increase if we could investigate
identification of players with their longtime digital representations. However, our results suggest that a
process as simple as avatar creation is a promising step towards a paradigm that allows us to facilitate
identification.
Being intrinsically motivated to play a game has benefits for player experience; however, there are also
potential economic and societal benefits. If identification in commercial games fostered intrinsic motivation,
players may bemore likely to spend more time in the game and recommend the game to others. Taken
together, these aspects are fundamental to a game company growing a customer base, which is highly relevant
for success. In terms of the societal benefits, intrinsic motivation to play a game has relevance for games that
are used in serious contexts.
2.4.5.1 Application in Serious Contexts
Although serious game companies also wish to grow their customer base, their goals for fostering intrinsic
motivation may be different. Serious games often focus on motivating behaviour change or promoting learning
(Michael & Chen, 2005). For example, the persuasive health game Escape from Diab (Archimage, 2006) uses
persuasive techniques to improve kids’ eating behaviour, whereas DragonBox (WeWantToKnow AS, 2012)
is designed to help kids learn algebra. These systems rely on repetitive use over longer terms to optimize
results. (Ryan et al., 2008) argue that being self-determined—which leads to being intrinsically motivated—
can improve the outcomes of health-related interventions, e.g., smoking cessation on or improved dental
hygiene. Our results suggest that identification with the digital representation in a game facilitates intrinsic
motivation, as evidenced by more enjoyment and invested effort. We saw this relationship in our subjective
data, but also observed it in motivated behaviour—players spent more time interacting with the final phase
of the game before pressing the quit button. In the context of games for learning or behaviour change,
increased effort in play could translate into real change for players—a learner could better understand and
retain information; a player of a smoking cessation game (Khaled et al., 2008) could stop smoking sooner;
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Similarity Identifiction Embodied Identification Wishful Identification
β R2 R2(c) F (c) p (c) β R2 R2(c) F (c) p (c) β R2 R2(c) F (c) p (c)
Player Experience of Need Satisfaction (PENS)
Competence 0.15 0.09 0.02 2.74 0.10 0.12 0.08 0.02 2.04 0.16 0.02 0.07 <0.01 0.07 0.79
Autonomy 0.18 0.07 0.03 4.13 0.04 0.29 0.12 0.08 11.50 <0.01 0.23 0.09 0.05 7.27 0.01
Relatedness 0.05 0.03 <0.01 0.25 0.62 0.10 0.19 0.01 1.17 0.28 0.05 0.03 <0.01 0.37 0.55
Immersion 0.20 0.07 0.04 5.25 0.02 0.35 0.15 0.12 17.25 <0.01 0.24 0.08 0.06 7.32 0.01
Intutive Control 0.22 0.21 0.04 6.83 0.01 0.23 0.22 0.05 8.46 <0.01 0.08 0.17 0.01 0.98 0.33
Intrinsic Motivation Inventory (IMI)
Enjoyment 0.21 0.08 0.04 5.81 0.02 0.25 0.09 0.06 8.30 0.01 0.19 0.07 0.03 4.50 0.04
Effort 0.19 0.11 0.03 4.52 0.04 0.28 0.15 0.08 11.15 <0.01 0.18 0.11 0.03 4.28 0.04
Tension <0.01 0.01 <0.01 <0.01 0.98 -0.03 0.09 <0.01 0.12 0.73 0.01 0.01 <0.01 0.02 0.90
Positive Affect/Negative Affect Scale (PANAS)
Postive Affect 0.28 0.15 0.07 10.64 <0.01 0.30 0.17 0.09 13.32 <0.01 0.21 0.12 0.04 5.94 0.02
Negative Affect -0.04 0.02 <0.01 0.18 0.67 0.05 0.14 <0.01 0.31 0.58 0.06 0.02 <0.01 0.47 0.50
Behaviour
Time Played 0.15 0.15 0.06 8.07 <0.01 0.25 0.16 0.06 9.30 <0.01 0.25 0.15 0.06 8.73 <0.01
Table 2.1: Regression properties including β, R2, change in R2 from adding identification, F of change, and p of change for PENS, IMI,
PANAS, and behaviour for the three identity constructs: Similarity Identification, Embodied Identification, and Wishful Identification. Variables
displaying change statistics from adding identification in the second step of the model are marked with (c); significant results are displayed in
bold.
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a player of a digital therapy game (Dennis & O’Toole, 2014) could better combat anxiety-related disorders.
Serious game designers who wish to inspire invested effort may think about fostering identification with an
avatar.
Interestingly, our results suggest facilitating any of the three identification types. Depending on the situ-
ation and goal, designers could choose to foster similarity, embodied identification, or wishful identification.
For example, in a training game for cashiers who are learning to operate the registers at a large supermarket,
fostering similarity might make more sense than nurturing embodied identification; whereas a persuasive
game designed to help players reach a goal might use wishful identification. Regardless of how identification
is cultivated, applying our results to the context of serious games suggests that increasing identification in a
serious game may stimulate real change.
Motivating Crowdsourced Work Facilitating intrinsic motivation through avatar identification is ap-
plicable beyond the context of games. Consider for example if we re-interpret our results in the context of
us conducting an experiment on a crowdsourcing platform. We showed that workers invested more effort
and experienced more enjoyment in their task when they identified with their avatar. The task itself was a
game they played, but this was done as an assignment in a work context. Expanding on these results, it may
be possible to provide workers with a stable and representative character that they identify with to increase
motivation, productivity, and task enjoyment. Currently, the closest point of identification is the worker
profile that stores information about previous task performance; MTurk workers respond very promptly to
anything that threatens their profile, because a track record of good performance gives access to better tasks.
2.4.5.2 Blurring the Player-Avatar Relationship
Our work shows that similarity with the avatar yields benefits to motivation; however, the relationship
between player and character can vary. Players can be very attached to their representation in a game
or they can see the character simply as a means to achieve in-game goals (Livingston et al., 2014). The
motivation to play likely varies accordingly: a player who feels attached to their character and experiences
guilt if the character is neglected has a different motivation compared to a player who uses an avatar simply
to get access to game content. The former player may provide their character with a backstory, enjoy
inhabiting their character during play, and make choices in appearance and behaviour that are in line with
the character’s backstory, whereas the latter may simply make choices to beat the system. Our results suggest
that identifying with an avatar could result in greater time investment, and also help players enjoy the game
more. Even in a game like World of Warcraft—where the overall narrative and character development process
facilitates identification—the identification of players with their avatars varies (Livingston et al., 2014). A
range of identification in one game is of interest, and so is the variation of identification between games.
Identification with Minimal Representation Compare, for example, World of Warcraft with a Multi-
player Online Battle Arena (MOBA) Game like League of Legends (LoL, Riot Games, 2009) or Defense of the
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Ancients 2 (Dota 2, Valve, 2013); several differences in designing for identification emerge. WoW provides a
complex system and environment that allows players to have distinct experiences for an individual character.
LoL does not allow players to develop one distinct character—the game allows players, called summoners, to
select one of over 125 champions to fight in a 5 on 5 team battle. Each champion has different advantages,
disadvantages and synergies with other champions. While champions can be customized with items during
a match, the customization is temporary and is reset after each game. Thus, unlike in WoW, the LoL sum-
moner account does not have an affiliated avatar with a unique appearance and history. Customization can
only be achieved by giving the account a name, through purchases of champions, different skins for champi-
ons, and of course through the performance of the summoner. Identity in MOBAs is a result of the player’s
performance—the ratio of won and lost games, the ratio of kills and deaths in the game, and other statistics
define how a player is perceived and distinguish novices from professionals. While in both the cases of WoW
and LoL, the key to economic success is identification, how this goal is achieved varies. WoW uses a digital
representation as a proxy that allows players to indulge in the fantasy of the game, while MOBAs leverage
a player’s personal abilities to facilitate engagement with the game. How designers can foster identification
with a profile that represents the player’s own skill is an interesting problem that can be addressed through
future work.
2.4.5.3 Identifying with Ideals or Groups
Our work focuses on identifying with an avatar; however, characters in games can represent more than
their individual nature, by representing an ideal (e.g., the nameless hero who saves the world through their
courage) or a segment of society (e.g., prostitutes in a car theft game) (Fullerton, 2014). For example, Abe
(Oddworld: Abe’s Oddysee, GT Interactive, 1997), is a slave who discovers that his fellows are slaughtered
and processed as meat. He stands up against the authorities and liberates as many of his fellows as possible.
The game allows the player to identify with Abe as a hero, but also with Abe as a slave, a person who is
exploited for the good of others and who tries to overcome a hopeless situation. Fostering identification with
an ideal—rather than with an avatar—may have similar benefits for motivation.
This idea of identification with a segment of society speaks to the potential of using membership within
a group to facilitate identification. For example, in World of Warcraft, players choose either the side of the
horde or the alliance; this choice gives access to different races with different histories, who are perceived
differently in the world. Or consider the RTS game StarCraft II (Blizzard-Activision, 2010), in which players
pick one of three races: Terran, exiled humans, known for their adaptability; the Zerg, a race that has
advantages through mere numbers; or the Protoss, the most technologically advanced race. Each race has
individual strengths and weaknesses. Player can identify with the race that they play often and are most
skilled with.
Other games use a more dynamic approach to create a sense of group membership. Fallout 3 (Bethesda,
2008), for example, uses a “Karma” system that keeps track of a player’s good and wrong doings in the game
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world. “Good” and “Bad” players have similar advantages in the game, but other aspects of play can also
change—for example, players in bad standing may purchase different weapons from a slaver than those in
good standing ,who purchase from a normal merchant. Group membership could be less reflective of who
a player is and more related to who they wish to be (ideal-self). For example, would a player like to be a
splendid example of society, or maybe associate more with seedier elements of society and seek advantages
through toeing moral lines? Allowing players to explore aspects of identity and allowing them to find the
sweet spot of their moral integrity is an advantage of game worlds.
2.4.5.4 Limitations and Future Work
Our work shows that avatar identification facilitates intrinsic motivation and motivated behaviour. However,
there are limitations that can be addressed through future work.
We facilitated avatar identification through a customization process. We offered the players ways of
customizing the appearance of an avatar, but they did not have full control over the avatar’s appearance.
They could change the hair and clothes, but not, for example, the face or body. Allowing players to represent
themselves completely could have fostered greater identification similarity. Future work should investigate
how the range of options for avatar creation changes identification and resulting motivation in play.
Our game was played in the context of MTurk workers engaged in an experiment. Although our results
showed differences in this context, investigating avatar identification in the context of volitional play would
provide ecological validity. Because there is a fundamental mismatch between randomly assigning participants
to experimental conditions, and simultaneously having them engage in play under their own volition, we plan
to take our results from these controlled experiments and apply them to see whether they extend to games
played under the user’s volition.
We investigated identification with an avatar. Several successful games (e.g., Tetris) do not have an avatar
with whom to identify. We have started investigating how to reap the motivational benefits of fostering
identification in games that do not have traditional avatars.
Fostering intrinsic motivation through avatar identification has implications for the design of games for se-
rious purposes. We suggest that avatar identification can be used to facilitate invested effort and enjoyment—
in fact, our results show that not only were players feeling more invested (subjectively) but were also exhibiting
more motivated behaviour when they identified more with their avatar. We plan to investigate whether our
results extend into serious applications—for example, by helping players invest in the process of learning a
language, playing a therapeutic game, or changing behaviour through gameplay.
2.4.6 Conclusion
The goal of our work was to determine whether identification with an avatar could increase intrinsic motivation
in a game. We first show that avatar customization stimulates identification with the avatar. In terms of
game experience, we used hierarchical regressions with the three types of identification (similar, embodied,
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wishful) as individual continuous predictors, and showed that greater identification increased experienced
autonomy, immersion, invested effort, enjoyment, and positive affect. Interesting for the design of engaging
game experiences, we discuss how we can leverage the ways in which commercial games facilitate identification.
In addition to affecting their subjective experience, we also show that greater identification translates into
motivated behaviour as operationalized by the time spent in an unending infinite runner at the end of the
experiment. Our results show that greater investment in a task through an objective measure of behaviour
has implications for the design of games for serious purposes, whether that be to persuade, teach, or help
players change their behaviour.
Finally, we show that these relationships are true for each of the three types of identification, which gives
designers a range of options for facilitating identification—by increasing feelings of similarity, improving the
sense of embodiment within the avatar, or cultivating wishful identification with an avatar who represents
the player’s aspirations.
2.5 Summary of Manuscript A
The results showed that avatar customization stimulated identification with the avatar. In terms of game
experience, hierarchical regressions with three types of identification (similar, embodied, wishful) were used.
The three identification types were entered as continuous predictors to show that greater identification in-
creased autonomy, immersion, invested effort, enjoyment, and positive affect. The findings show that greater
identification translates into motivated behaviour as operationalized by the time spent in the unending infinite
runner.
By evaluating the effect of a single design strategy on player engagement, my research investigated a
game-based design strategy and showed experiential and behavioural evidence that identification with a
representation is associated with increased play experience and behavioural engagement in the short-term.
As such, my research suggests that avatar customization might be a suitable motivational design strategy to
foster effective implementations of interactive systems that promote sustained engagement.
2.5.1 Lessons Learned
There were several lessons I learned during the execution of this first project. Specifically, the experience of
working with MTurk workers on a complex open-ended study, learning about worker compliance, and explor-
ing behaviour in an online study. I also learned about the advantages and drawbacks of avatar customization
as an experimental manipulation.
A very positive experience I had during this study was the feedback I got from MTurk workers, and
equally important, seeing evidence in my data that workers stayed engaged in open-ended and attentionally-
demanding tasks. The positive feedback and showing engagement under their own volition qualified MTurk
workers as a group to recruit from for the remaining experiments.
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Further, by controlling the response behaviour in questionnaires and overall reliability of my data through
the approaches described in Manuscript A, I found that measures of data quality, such as Cronbach’s alpha,
time spent per questionnaire, and overall variance, suggested that my data was of good quality—a finding
that is in-line with previous research on MTurk data quality (Buhrmester et al., 2011; Casler et al., 2013;
Kees et al., 2017).
A surprising finding that was not discussed in Manuscript A was that the group manipulation did not
show any significant effects—identification was the mechanism that drove change in experience and behaviour,
while avatar customization directly did not have any group effects. The lack of a group effect was likely a
result of exposure to the customization video, which was relatively long at 4 minutes in duration. The
distribution in both groups (customized, generic) suggested that people in both groups identified with their
representation (see 2.4). To account for identification effects from mere exposure to the creation process,
control groups in later studies were only exposed to images of their avatar and not to the entire creation
process.
2.6 Relevance in Context
When evaluating the relevance of Manuscript A in the context of my dissertation, several questions remain.
First, it is an open question if avatar customization is a valid design strategy to foster volitional engagement
with technology-enabled services for health. Second, I did not gain any insights on the effects of avatar
customization in the specific context of technology-enabled services for health in terms of whether avatar
customization can promote sustained engagement or improved treatment efficacy. Therefore, a more detailed
investigation of the effects of avatar customization on motivation was necessary (see Chapter 3). Third, an
investigation of avatar customization in the long-term and in a non-game context (see Chapter 4) is missing.
And fourth, whether or not avatar customization has direct effects on task efficacy (see Chapter 5) remains
unclear.
The presented manuscript is fundamental for my research and the work presented in Chapter 2 to Chapter
5. The findings support that identification with a representation effectively increases volitional task engage-
ment and therefore justifies further investigations of the motivational and behavioural properties of avatar
customization and the benefits for technology-enabled services for health.
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Chapter 3
The Motivational Push of Games
Citation: Birk, M. V., Mandryk, R. L., & Atkins, C. (2016, October). The Motivational Push of Games:
The Interplay of Intrinsic Motivation and External Rewards in Games for Training. In Proceedings of
the 2016 Annual Symposium on Computer-Human Interaction in Play (pp. 291-303). ACM.
Acknowledgment: Under my direction, Jason Bowey and Cheralyn Atkins were responsible for the de-
velopment of the go-no-go task. Cheralyn Atkins also modifed the avatar creator described in Manuscript
B, implemented the data logging for the go-no-go task, and provided a technical description of the avatar
creator and the go-no-go task used in Manuscript B.
In coordination with my supervisor, Dr. Regan Mandryk, I was responsible for the research direction,
experimental design, system design, data gathering, data analysis, and reporting.
My goal in Manuscript B was to explore the effects of rewards on motivation, specifically how intrin-
sic motivation—induced through avatar customization—and behaviour are affected. I conducted an 11-day
study evolving around a game to train executive functioning. 200 participants were recruited via Amazon
Mechanical Turk; half of all participants were randomly assigned to a group that customized their avatar
and the other half watched a video of someone customizing an avatar. Similar to the manipulation pre-
sented in Manuscript A, I used avatar customization to manipulate identification with a representation and
subsequently self-reported variables of motivation and login behaviour.
3.1 Problem and Motivation
Chapter 2 established that identification with an avatar increased self-reported motivation and motivated
behaviour, operationalized as time-played in an infinite runner. While the results support that avatar cus-
tomization has the potential to effectively address waning motivation and subsequently attrition of technology-
enabled services for health, several open questions remained.
First, because in Manuscript A I only showed effects on self-reported motivation and motivated behaviour
after 10 minutes of play, it remained unclear whether or not identification with an avatar affects motivation
in the medium term (i.e., over the duration of days or weeks). Second, to assure that identification affects
motivation directly rather than as a latent variable, I needed to test if induced motivational effects are
responsive to known manipulations of motivation (i.e., the overjustification effect; Deci et al., 2001; Huillery
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& Seban, 2014; Amabile, 1993; Hitt et al., 1992; Seaverson et al., 2009). Third, the avatar customization
technique used in Manuscript A did not show group differences—an effect that might have resulted from
a lack of options during the avatar creation process—as such, I wanted to test if increased options, and
subsequently increased identification would result in group differences of motivation between participants who
customized their avatar and those who only watched a video of the creation process. Fourth, in Manuscript
A I investigated self-reported motivation and behaviour in the context of a game. While the gained insights
were important for showing that avatar customization is an effective game-based motivational design strategy,
I lack insights into the motivational effects of avatar customization in the context of a training application.
Training activities, such as those offered by technology-enabled services, require engagement over time
to be effective. Motivational effects of avatar customization have been established in the short term (see
Manuscript A), but the effects of external rewards (i.e., a financial incentive) on motivation is unknown.
Therefore, the problem addressed in this manuscript is that the stability of effects of identification resulting
from avatar customization are only understood in the short term and it is unknown whether external rewards
thwart or diminish the effect.
3.2 Solution and Steps to Solution
To address the lack of research on psychometric properties of avatar identification in the medium-term, I
investigated experience and login behaviour in an 11-day long study before and after providing a financial
reward on day 8—external rewards have been shown before to thwart intrinsic motivation (Deci et al., 2001;
Huillery & Seban, 2014; Amabile, 1993; Hitt et al., 1992; Seaverson et al., 2009). Similar to the procedure
applied in Manuscript A, participants were recruited via Amazon Mechanical Turk and half of the participants
were instructed to customize their avatar; the other half were assigned a neutral avatar followed by a staged
avatar customization video. In comparison to the work presented in Manuscript A, customizable facial
features such as face shape, eye distance, nose size, ear size and ear orientation, were added to the avatar
creator. Participants played a daily go/no-go task—a task that requires participants to respond to one type
of stimulus but inhibit a response to a visually-similar lure.
3.2.1 Research Questions
To explore the effect of rewards on participants with differing levels of intrinsic motivation, I asked three
central research questions in the Manuscript:
RQ1: Does motivation wane over time?
RQ2: Is waning motivation affected by initial engagement?
RQ3: How does the delivery of an anticipated reward affect motivation for differentially motivated
participants?
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3.3 Design Rationale
To be in a position to answer the above research questions, I made several decisions when designing the
experiment that were built on experiences made during the study described in Manuscript A. I designed
the study around the overjustification effect, which captures the negative effects of rewards on intrinsically
motivated behaviour (Deci et al., 2001; Huillery & Seban, 2014; Amabile, 1993; Hitt et al., 1992; Seaverson
et al., 2009)—people enjoying an activity for its own sake will experience lower engagement and show less
activity when they are rewarded for their engagement.
I delayed promised payment by 7-days with the intent to gather self-reported experience data and login
behavior before and after receiving a reward. I decided to investigate the effects of motivational changes
induced through avatar customization over the long-term instead of in single session, because long-term
effects are more relevant when addressing effects stipulating the efficacy of technology-enabled services for
health, which are usually used over time as well.
In Manuscript A, I already gained insights into behavioural effects of customization in the short-term.
Many technology-enabled services require repeated and sustained engagement, which was not reflected in
the short-term study presented in Manuscript A. To increase external validity in the present study, I was
interested in increasing the ecologically validity of the study by investigating motivation and login behaviour
in the context of a believable training intervention over multiple days.
I chose a game-based training, because it allowed me to incrementally adapt the insights I gained in
Manuscript A. The customizable or assigned avatar were acting agents in the game, similar to the infinite
runner described in Manuscript A. Therefore, I was able to build on insights gained around measuring
user input, comparing performance, and investigating the effect of avatar customization on experience and
behaviour. I chose a go/no-go task, because the task has shown good training effects in previous research
(Dowsett & Livesey, 2000; Thorell et al., 2009), people benefit from multiple training units (Klingberg et al.,
2002), the general task specification allowed for a game-based implementation, and the task has been used
successfully in the context of game-based training before (Waltz, 2018).
Building on the results presented in Manuscript A, I used identification with an avatar as a proxy for
motivation—those who identify less are less motivated and those who identify with their avatar are more
motivated. My research design aimed to investigate the effect of participants’ identification on waning
motivation and the differential effect of an anticipated reward on people differentiated by identification.
3.4 Manuscript B
Games for training aim to keep interest in training activities high by making them more enjoyable, yet
interest and motivation often wane over time. Games frequently employ rewards to halt waning motivation;
however, research suggests that although this approach may work for less motivated players, it may backfire
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for players who are already enjoying a game. To explore changing motivation patterns over time, we conducted
an 11-day study of a game for training executive functioning with players who were split into two groups
that reflected their intrinsic motivation induced through a manipulation of identification with an in-game
avatar. Although motivation waned over time, both effort and enjoyment waned more rapidly for players
who identified less. After one week, when we delivered a reward (payment), the less-identified group respond
posi-tively—increasing their effort and improving performance; however, the more identified group responded
negatively—decreasing their effort and declining in task performance.
3.4.1 Introduction
There are many domains in which people need to invest time and effort in a training activity to see future
benefit. For example, consider a person who wants to learn a second language—if she puts in the work
of memorizing vocabulary, over time she will be able to communicate in another language. Or consider a
person who wishes to lose weight—if he makes good eating choices every day, over time he will lose excess
weight. Motivation to engage in these types of training activities often starts off quite high, with the person
looking forward to the future payoff that will eventually result from their invested efforts. However, over
time, motivation often wanes, resulting in people investing less effort in training, or quitting before reaching
their goal.
This lost interest in training is partly because the beneficial outcome of training behaviours (e.g., being
bilingual, reaching a healthy weight) takes time to achieve and is distinct from the behaviours themselves
(e.g., practicing a second language, making healthy eating choices). This form of motivation—engaging in
an activity because it leads to a desirable but separable outcome (Ryan & Deci, 2000a)—is called extrinsic
motivation. Although extrinsic motivation can encourage participation in a training activity (e.g., Nouchi
et al., 2013; Dennis & O’Toole, 2014; Field, 2013), it often wanes when the realization of the outcome is
delayed—it takes time to become proficient at another language or lose weight. A remedy for waning extrinsic
motivation over time is to make the training activity engaging enough so that people participate because
they enjoy the training activity itself, and not just for the beneficial outcome that will result from sustained
training. This form of motivation—engaging in an activity because it is inherently interesting—is referred
to as intrinsic motivation (Ryan & Deci, 2000a). However, the question is how to make repetitive training
activities—such as verb conjugation practice—inherently enjoyable.
It has been proposed that digital games are intrinsically motivating to play (Ryan et al., 2006) because
they are inherently enjoyable. As such, the use of game design elements in non-game contexts—called
gamification (Deterding et al., 2011)—has been proposed to increase the intrinsic motivation of engaging in
a training activity and avoid the waning motivation that plagues extrinsically-motivated training. However,
even in games that are played solely for entertainment and are inherently enjoyable, player motivation can
wane over time for a variety of reasons (e.g., loss of novelty or changes in a network of friends who play),
resulting in declining participation. To retain players, many games inject rewards, tokens, or valuable in-game
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content. These incentives sometimes aim to increase intrinsic motivation (e.g., new game missions that are
inherently enjoyable); however, a more common approach is to target extrinsic motivation (e.g., by providing
a free power-up or in-game currency). Although designers intend that these doses of extrinsic rewards act as
motivators to encourage players, it is unclear if they are effective at halting waning player motivation and if
this approach will work in the context of gamified training activities.
Research in the psychology of motivation suggests that the effectiveness of introducing external rewards
into a training activity could depend on the pre-existing motivation of the participants (Vallerand & Losier,
1999)—those motivated by a separable outcome (extrinsic) should respond well, whereas those motivated
by the inherent enjoyment of the activity itself (intrinsic) may respond poorly (Deci et al., 1999). This loss
of motivation that occurs when external incentives are provided to intrinsically-motivated people has been
demonstrated in other domains (Amabile, 1993; Deci et al., 2001; Huillery & Seban, 2014); however, it is
unclear whether the use of external rewards will improve motivation, halt waning motivation, or undermine
the pre-existing intrinsic motivation of players of a training game. Loss of motivation in training games has
major implications as they are used in many serious domains, such as for health (Dennis & O’Toole, 2014)
and safety training (Padgett et al., 2006).
As such, we conducted an 11-day study to understand the effects of time and incentives on motivation and
behaviour in a game-based training activity with 200 participants. We asked all participants to engage daily
in a game-based version of an established task that has been used in various digital interventions (Dowsett &
Livesey, 2000; Thorell et al., 2009)—a go/no-go task to train executive function (Nevin, 1969). Although we
promised payment, we withheld it for the first week—replicating the context in which the beneficial outcome
for an activity is separable from task engagement and is delayed. After seven days, we paid participants,
delivering their expected reward. In addition, we facilitated intrinsic motivation in half of our participants
using an existing induction approach of avatar identification (Birk, Atkins, et al., 2016) to create two groups
who differed in their level of intrinsic motivation. Each day, we measured subjective motivation, affective
state, and task behaviour—both before and after delivering the extrinsic motivator of payment.
The results of our study make three important contributions to understanding motivation and behaviour
on repeated days of participation in a game-based training. First, we demonstrated that we can use a digital
induction method (avatar identification) to foster intrinsic motivation, which lasted over repeated days of
participation in the training activity. Second, we showed that motivation waned over time; however, both ef-
fort and enjoyment waned more rapidly for players who identified less with their in-game avatar. Third, when
we delivered a reward (payment) after one week, the less-motivated group responded positively, increasing
their effort and showing improvements in task performance. However, the more motivated group responded
negatively to the reward—they showed a decrease in their invested effort and declines in performance on
the training task. Explained by theories of human motivation, our findings have implications for games for
training, games user researcher, and games for entertainment.
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3.4.2 Related Work
We first describe human motivation, followed by motivation in games for training and gamification.
3.4.2.1 Motivation
Human motivation describes a person’s inspiration to act—as Ryan and Deci (2000a) note: “to be motivated
means to be moved to do something”. Nearly everyone who interacts with the world around them experiences
motivation, thus it is a topic of interest in a diverse range of fields.
Spectrum of Motivation Motivation varies by level, i.e., how much motivation is experienced, but also
by orientation, i.e. what form of motivation is experienced (Ryan & Deci, 2000a). The spectrum of different
orientations of motivation is defined by how controlling or volitional an activity is (the regulatory style). Self-
Determination Theory (SDT) suggests three regulatory styles of motivation: internal motivation, external
motivation, and amotivation (Ryan & Deci, 2000a).
Amotivation suggests the complete lack of an intention to act (Ryan & Deci, 2000a), and results from
not seeing an activity as valuable (Frederick & Ryan, 1995), feeling inept to do it (Deci, 1975), or not feeling
that it will result in a desired outcome (Seligman, 1975).
On the other end of the spectrum, intrinsic motivation is defined as engaging in a task for its inherent
satisfaction (Ryan & Deci, 2000a)—an activity that is its own means to an end, e.g., playing endless hours
of Tetris, not to beat the high score, but because implementing a clever strategy to clear the falling rows is
enjoyable in and of itself.
Extrinsic motivation is defined by an activity in which behaviour and outcome are separable, e.g., studying
(behaviour) to pass an exam (outcome) (Ryan & Deci, 2000a). Extrinsic motivation varies depending on the
congruency of an activity with our goals; the separable outcome may be desired because it leads to a reward
(external regulation), leads to approval from the self or others (introjection), is something that is consciously
valued by the individual (identification), or is congruent with an individual’s self-view (integration) (Ryan
& Deci, 2000a).
It is important not to confuse extrinsic motivation with external rewards. External rewards, e.g., points,
or in-game currency, are representative of external regulation. Rewards are a fundamental concept in games
and when combined with appropriate reward schedules, can enforce long-term retention (Deterding et al.,
2011). However, once the reward or the expectation to be rewarded is removed, players would likely lose
interest and retention would drop (Haw, 2008).
Undermining Intrinsic Motivation There is literature from the psychology of motivation that suggests
existing intrinsic motivation can be undermined by the application of an extrinsic reward (Ryan & Deci,
2000a). As such, the efficacy of applying rewards in a training activity could depend on the existing motivation
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of the participants. Specifically, individuals who are extrinsically motivated to do the task should respond
well to a reward, whereas intrinsically-motivated people may respond poorly.
This negative effect of an extrinsic reward on existing intrinsic motivation has been shown in multiple
domains (e.g., education, see Deci et al., 2001; philanthropic activities, see (Huillery & Seban, 2014); work-
places, see Amabile, 1993, games, see Hitt et al., 1992; health, see Seaverson et al., 2009), and with a variety
of demographics (e.g., kids, see Lin et al., 2015; college students, see Lin et al., 2003). However, there has
been controversy surrounding the existence of this so-called “overjustification effect”. In a meta-analysis
of 128 studies, including four meta-analytical studies, Deci et al. (1999) confirmed that extrinsic rewards—
independent of whether they are received or expected—undermine intrinsic motivation. The results showed
that receiving expected tangible rewards (e.g., money or marshmallows) consistently undermined intrinsic
motivation, as measured by a free choice paradigm (i.e., measuring how long participants spend on a task
without any expected reward). Self-reported measures parallel results from the free-choice tasks (with weaker
effect sizes), except when the rewards were based on performance (e.g., receiving a reward when a threshold
score is reached).
3.4.2.2 Motivating Training Activities using Games
Motivation is a central concept in the discussion of games for both entertaining and serious purposes. With
the exception of professional gamers who get financial rewards (external regulation) for playing, games are
generally a leisure activity that is engaged in by choice under a player’s own volition (Salen & Zimmerman,
2004). Thus players need to be motivated to participate. That motivation may be intrinsic—that is, they
participate because they truly enjoy the game play—or extrinsic; they play because they get social value
from gaming (introjection), value from gaming as an activity (identification), or self-identify as a gamer
(integration) (Ryan & Deci, 2000a).
It is important to distinguish the motivation that people have to play games from the motivational
elements that designers employ within games to encourage certain in-game behaviours. Although based in
the same theories of what motivates people, design decisions grounded in motivation within games (e.g.,
rewarding players for in-game purchases) are conceptually distinct from design decisions used to motivate
participation with the game itself (e.g., giving an in-game reward every day that the player logs in). In this
paper, we focus on the latter—using game elements to motivate participation in the game in general.
Motivation in Games for Training Motivation to participate in games for training is similar to the
motivation to participate in games for leisure; however, the training game can be viewed as a means to an
end. Consider the example of a person who wishes to learn German and plays a game to help her learn
the genders of nouns. She may actually enjoy playing the game (intrinsic motivation), may do so because
her company is paying her to learn German (external regulation), because her friends all speak German
and she doesn’t want to be excluded (introjection), because she sees value in speaking another language
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(identification), or because bilingualism is congruent with her self view (integration). Although a training
activity can be inherently interesting (especially at first), they generally have instrumental value in terms of
leading to a separable outcome, as opposed to intrinsic value. The application of games as training activities
tries to address this intrinsic value by making them more enjoyable (e.g., Dennis & O’Toole, 2014; Khaled et
al., 2007). When playing games for training, players might be motivated for multiple reasons—the motivation
to play might be in service of a separable outcome, e.g., learning a language as the main purpose of engaging
in the game, or because the game is inherently enjoyable, e.g., because the premise is interesting or the
mechanics are enjoyable (Deci et al., 2001). In our example, playing a learning game will likely be a more
enjoyable means to learning the genders of German nouns than rehearsing them without the incorporation
of game elements. As such, games for training tend not just to affect the spectrum of extrinsic motivation
for learning, but address the underlying enjoyment of the activity itself.
The Motivational Pull of Games Games are fun, because they allow us to actively participate in a
compelling narrative, provide us with challenging encounters, and give us the opportunity to choose our
fate (Rigby & Ryan, 2011). A variety of models (Ryan et al., 2006; Yee, 2006) have tried to capture the
essence of player motivation. Self-determination theory (Deci & Ryan, 2000) is a well-grounded theoretical
framework that allows us to explain how satisfying basic psychological needs leads to enjoyment in games.
The traditional model proposes (Deci & Ryan, 2000)three factors. Competence is the need to experience
mastery and control over the outcome of a challenge, e.g., mastering the skills of a champion in League
of Legends (2009, Riot Games), or facing the increasing challenge of Tetris (Pajitnov, 1984). Autonomy
is the need to engage in a challenge under one’s own volition, e.g., the diamond shaped pathways in The
Legend of Zelda (1986, Nintendo), or through race, class, and faction choices in MMORPGs, such as World
of Warcraft (2004, Blizzard). Relatedness is the universal need to feel connected to others, e.g., by playing
team-matches in Counter Strike (2000, Valve), or by feeling connected to in-game objects or characters,
e.g., bonding with the companion cube in Portal (2007, Valve). SDT has also been extended to capture the
unique characteristics of digital games with Presence/Immersion, the experience of being transported into a
virtual environment; and Intuitive Control, which describes the naturalness of the game input. Satisfying
these needs has been shown to increase enjoyment (Rigby & Ryan, 2011) and play-time (Birk, Atkins, et al.,
2016) in games.
Gamification Because of this motivational pull of games, the use of game design elements in non-game
contexts—called gamification (Deterding et al., 2011)—has been proposed as a method to increase the intrin-
sic motivation of serious games. For example, games have been used to encourage serious behaviours, such as
healthy eating (Baranowski et al., 2003), smoking cessation (Khaled et al., 2007), lowered energy consump-
tion (Khaled et al., 2007), and understanding the challenges faced by people with disabilities (Gerling et al.,
2014). In terms of promoting training activities, gamification is used to motivate people in the short term in
domains from human resources system training (Reeves & Read, 2009) to surgical skills training (Lin et al.,
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2003). In addition, serious games have also been proposed for use over the long term to motivate sustained
and repeated participation, increase the effort invested by the participants, and improve the retention of
participants over time, with the goal of ultimately leading to more effectives training (Krause et al., 2015).
There is some controversy surrounding the use of gamification in serious contexts and even on the use of
the term gamification itself. Intentionally called pointsification (Bogost, 2011a) or exploitationware (Bogost,
2011a), thought leaders suggest that gamification is often a superficial application of trivial game elements—
such as points, achievements, badges, and levels (Nicholson, 2015)—rather than the principled application of
the mechanics, dynamics, or aesthetics (Hunicke et al., 2004) that create meaningful, emotional, and engaging
play. As Bogost notes, “points and levels and the like are mere gestures that provide structure and measure
progress within” the game system (Bogost, 2011a, 2011b). For the purposes of this paper, we leverage the
term gamification (and gamify) when we talk about the application of game-based elements in non-game
contexts (Deterding et al., 2011). However, we clarify that our goal of including game elements is to increase
motivation (either intrinsic or extrinsic) to engage in sustained and repeated training activities over time.
Waning Motivation in Games for Training In games designed for long-term training, combating wan-
ing motivation is of particular importance. One way that researchers have attempted to maintain motivation
in longer-term deployments is to keep enjoyment (intrinsic motivation) high because it is a good predictor
for staying engaged in a task over time (Haw, 2008). One approach is to inject novelty in the game over
time. (Hernandez et al., 2014) deployed a 10-week trial of a networked multiplayer exergame for children with
Cerebral Palsy to exercise and socialize together. To keep the novelty of the game high over the 10-week trial,
they included six mini-games, which they introduced progressively every two weeks to maintain interest in
the training activity. Logs of game choice and time played suggest that the strategy was effective (Hernandez
Alvarado, 2015). Similarly, (Mandryk et al., 2013) deployed a 12-week trial of a neurofeedback training
system for children with fetal alcohol spectrum disorder to learn to self-regulate. Rather than creating a
neurofeedback game, their system turned any off-the-shelf game into a biofeedback game—this decision was
largely motivated by the idea that allowing participants to select a commercial game of their choice to use
for training would increase the enjoyment, i.e., intrinsic motivation, of training. In addition, the authors
note that they originally deployed five game choices, but participants complained that they were bored of
the games and thus two new games were added half-way through to keep interest high.
Gamification of training activities has been proposed as a means of keeping motivation high, and these few
studies show how researchers attempt to employ novelty to sustain motivation over the long term. However,
to our knowledge, there has been no systematic study of how motivation in game-based training wanes over
time, and how methods of fostering intrinsic or extrinsic motivation within the context of gamified training
activities affect waning motivation.
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3.4.3 Experiment Design
We conducted an online study to understand the effects of time and incentives on motivation and behaviour
in a game-based training activity. We withheld payment for the first seven days, but paid participants each
day thereafter. In addition, we facilitated intrinsic motivation in half of our participants using an existing
induction approach of avatar identification (Birk, Atkins, et al., 2016). Each day, we measured subjective
motivation, affective state, and task behaviour.
3.4.3.1 Manipulating Identification: The Avatar Creator
To manipulate avatar identification, we used a character creator that has been shown to facilitate intrinsic
motivation (Birk, Atkins, et al., 2016). Participants were asked to create an avatar and adjust its appearance,
personality, and attributes (characteristics). A minimum of four minutes in the character creator were
required, but participants could take longer if they wished. After customizing their avatar, participants were
shown a summary of their character and asked to enter a nickname.
Options for the appearance, personality and attributes are described in (Birk, Atkins, et al., 2016). We
additionally added customization of the size of nose, eyes, and ears (small, medium, big), the distance of the
eyes (narrow, medium, far), and the shape of the head (oval, round, heart, strong jaw) to better facilitate
similarity identification (Birk, Atkins, et al., 2016). At the end of the creation process, the avatar was
visually presented along with a summary of its personality and attributes, to give the player the sense that
their avatar had a profile.
We manipulated identification by presenting half of our participants with the avatar creator. The other
half were randomly assigned an avatar of the same sex, from a set of four. Following the approach used in
(Birk, Atkins, et al., 2016), participants in the randomly-assigned avatar group watched a 4-minute video
of the creation and customization of their avatar. We created four videos for each sex with four different
personality and attribute configurations, similar to (Birk, Atkins, et al., 2016), with the additional face
options set at the medium level. Participants who watched the video were not allowed to name their avatar;
instead the avatar was represented as “Player 1”.
3.4.4 Go/No-Go Task: Zombie Apocalypse
Zombie Apocalypse is a zombie themed go/no-go task in which participants stab Zombies with a sword, and
avoid stabbing moles. The game was implemented in C# using Unity 4.6 (Unity Technologies, 2014).
We chose the go/no-go task for a variety of reasons. It is used to train cognitive functions (Dowsett &
Livesey, 2000), so it is a representative task for a training activity that must be repeated over multiple days.
It is simple to explain and does not require a steep learning curve, making it appropriate for an experiment.
Go/no-go is also a common game-mechanic (e.g., whack-a-mole), making it familiar to participants in the
context of a game, and also straightforward for us to gamify by adding premise, graphical assets, and a score.
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Figure 3.1: Go/no-go task Zombie Apocalypse showing a player hiting a Zombie.
Task: The participants’ created or assigned avatar stood in a fixed position holding a sword (see Figure
3.1). Players were instructed to respond to appearing zombies (targets), but not to moles (lures). Targets
and lures were intentionally visually similar to increase task difficulty. A target or a lure appeared every
second (popping up from under the ground), giving participants a 500ms window to respond by pressing the
spacebar. Correct or false responses to targets or lures results in four response types with different scoring:
1) correctly responding to a target: hit, 2) not responding to a target: miss, 3) responding to a lure: false
alarm, 4) not responding to a lure: correct rejection. Hits increased the participant’s score by 1; misses
and false alarms decreased score to a minimum of zero points; correct rejections left the score unchanged.
Stabbed zombies (hit) exhibited a death animation, whereas missed zombies (miss) walked away. Stabbed
moles (false alarm) turned red before disappearing to give the participant feedback, whereas missed moles
(correct rejection) popped back underground safely. Each participant was presented with 80 targets, and 20
lures, presented in a pseudo-random order. Score was displayed and incremented after each target or lure. To
ensure that participants understood the task and controls, we presented a training condition with 10 stimuli
total (8 targets, 2 lures) before beginning the task each day.
Applications: The go/no-go task requires participants to decide between a target and lure and initiate a
response in a very short amount of time, which requires focus and quick decision-making. As a result of the
4:1 relation between targets and lures, participants get accustomed to responding to targets and are thus
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required to inhibit the most common response, press the spacebar, to correctly reject a lure. Assessment
and training of executive functioning is used in both clinical (Casey et al., 1997) and non-clinical (Dowsett
& Livesey, 2000) contexts.
Measures We collected both subjective and behavioural measures.
Identification was measured using the avatar-related sub-scales of similarity identification, embodied iden-
tification, and wishful identification from the Player Identification Scale (PIS, Van Looy et al., 2012). Par-
ticipants rated their agreement to identification-related statements measuring similarity—“My character is
like me in many ways”—on a 7-pt Likert-scale.
Motivation was measured using the Intrinsic Motivation Inventory (IMI, McAuley et al., 1989). The IMI
measures the constructs interest-enjoyment—“I enjoyed this game very much.”, effort-importance—“I put a
lot of effort into this game.”, perceived competence—“I think I am pretty good at this game.”, and tension-
pressure—“I felt tense while playing the game.”. Each construct was measured with multiple items using
agreement with a 7-pt Likert-scale. The results were then aggregated into the four constructs of the IMI.
3.4.4.1 Task Performance
Performance in a go/no-go task is defined by hits and correct rejections. Negative performance is described
as the number of misses and false alarms. Following (Kane et al., 2007; Snodgrass & Corwin, 1988), hits and
false alarms are used to compute sensitivity (dL) and bias (CL). dL separates targets and lures and represents
an index of difficulty for discriminating the two types of stimuli—a higher dL indicates that targets and lures
are more discriminable. Negative CL scores indicate a liberal bias to respond to target or lure, while positive
scores indicate a conservative bias to respond.
3.4.4.2 Participants and Deployment Platform
We conducted our experiment online. 200 participants (43.9% female) with an average age of 31.68 (SD =
8.94) were recruited through Amazon’s Mechanical Turk (MTurk), which connects workers willing to do
Human Intelligence Tasks (HITs) with requesters of the work, and has been shown to be a valid environment
for conducting user studies (Kittur et al., 2008). Participants were re-invited daily to participate in our series
of HITs for 11 consecutive days. Participants received $4 for the first day (40 min), and $1 for each consecutive
day (10 min). Ethical approval was obtained, and participants provided informed consent. The HIT was
only made available to workers in the USA older than 18 with an approval rate above 90%. Participants were
excluded from further analysis if: they showed zero variability in more than 2 questionnaires, suggesting that
they indicated the same response on all items independent of scale or reversed items; the number of hits in
the go/no-go task exceeded 80, indicating that they reloaded the task; or they did not participate on day 4,
5, or 6, which were the days on which we measured identification (30 participants excluded).
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3.4.4.3 Procedure
We recruited the initial pool of participants on the first day. Daily HITs were independent, so that people
who skipped a daily HIT were not excluded from further participation.
Day 1 Participants were first informed about the amount of compensation they would receive ($4 for
approximately 40 minutes); additionally, we informed them that the first payment would be delayed for 7
days, and that they were expected to answer attentively and quickly. It is important to note that by promising
a reward at day 7, we introduce an anticipated extrinsic reward from day one. Therefore, participants
might experience two different sources of motivation, i.e., the financial reward as an extrinsic source, and
identification as a source of intrinsic motivation.
After being informed of the reward, participants were randomly assigned to either the customized or
random avatar group. After creating an avatar (or watching an avatar being created), participants performed
the go/no-go task, and then completed the IMI. Finally, participants provided basic demographic information,
e.g., frequency of play, age, and stated the purpose of the study in their own words.
Day 2–11 Each day, participants were informed about the compensation they would later receive ($1
for about 10 minutes), and were asked to provide informed consent. Participants entered their MTurk
identification code to load their saved avatar, and then performed the go/no-go-task, before completing the
IMI. On day 4, 5, and 6, we additionally asked them to complete the avatar identification scale.
3.4.4.4 Delivery of Extrinsic Motivator
On Day 8, we paid participants for their initial HIT and continued to pay them each day thereafter. This
represents us delivering on a promised (but delayed) outcome (i.e., an expected tangible reward) that is
separable from the training activity. Paying a delayed reward at day 8 fulfills three purposes: 1) the separable
outcome becomes salient; 2) experienced extrinsic motivation is temporarily increased; 3) paying participants
reinforces trust that their efforts would be compensated. We were not interested in the specific reward, but
in a proxy for receiving an expected, but delayed beneficial outcome separated from the training task.
3.4.4.5 Data Analyses
All data were logged to a database on a server at the University of Saskatchewan and were analyzed using
SPSS 23. IMI data were computed after each completion of the go/no-go task. Identification was computed as
average identification of Day 4 to Day 6. To create two groups that varied in their initial intrinsic motivation
based on our avatar customization manipulation, we performed a median split on the average similarity
identification.
To analyze changes in motivation and performance over time, we performed Hierarchical Linear Models
(HLM) with day on level-1, and the dependent measures on level-2; identification was entered as the covariate.
53
Figure 3.2: Participation by Day (1-11).
Estimates were computed using Restricted Maximum Likelihood with a maximum of 100 iterations, and a
maximum step size of 10. To avoid biasing the analysis, covariance was kept unstructured for random
intercepts. The α-niveau was set to .05.
To compare improvement or change over time (days) for the two identification groups separately, we
computed the slopes for the daily averages within an identification group. Because we used a between-
participants design, the absolute performance differences on the go/no-go task between the more- and less-
identified groups is not meaningful (due to the individual differences in executive function between players in
these two groups). As such, our analyses of the task performance measures calculate the difference between
the day of interest and performance on Day 1. Comparisons are made using this difference, which reflects
absolute improvement from Day 1 values.
3.4.5 Results
We first present the general participation rates, followed by the results on the initial phase, and then following
the reward. In general, participation dropped over time (Figure 3.2). Day 1 was a Tuesday (following a holiday
Monday). The average drop-out was 30.6%. Chi-squared tests for each day showed no significant differences
in participation between the two identification groups (all p > .05).
3.4.5.1 Initial Phase of Waning Motivation
Does motivation wane over time? The HLM (described in the data analyses section) showed a main
effect of day on invested effort (F6,820.32 = 6.96, p < .001). Figure 3.4 shows that effort decreases in general
over days. There was no main effect of day on enjoyment (p = .31). A general waning of effort confirms our
assumptions, reflects prior research (Lin et al., 2015), and is a prerequisite for investigating the effect of a
delivered reward on motivation.
Does training improve task performance? All performance data were corrected for baseline (Day 1)
performance. HLMs showed that hits (F6,831.33 = 5.50, p < .001) increase over time, whereas false alarms
decrease (F6,823.14 = 4.11, p < .001), indicating that players improved over time (Figure 3.5). Participants
also showed an increase in dL over time (F6,828.76 = 11.86, p < .001), suggesting that discriminating targets
and lures becomes easier over time. In addition, participants were aware of their improving performance.
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Figure 3.3: Split-Histogram of Identification by Condition.
Perceived competence increases over time (F6,825.35 = 4.84, p < .001). There was no difference in bias
(F6,829.50 = 1.33, p = .243), indicating that tendency to respond to target or lures didn’t change over time.
Can intrinsic motivation be fostered in a gamified training task using avatar identification?
Identification can be facilitated through a variety of methods; we chose to use customization to create
variability in similarity identification. While the group differences between conditions were significant (t167 =
4.534, p < .001, d = .70), Figure 3.3 shows how the differences are derived from overlapping distributions of
identification. We used a median split of identification in the remaining research questions to capture more-
identified and less-identified participants regardless of their group assignment.
The HLM showed that identification is linked to motivation: players with high identification experienced
more enjoyment (F1,169.15 = 23.19, p < .001) and invested more effort (F1,168.65 = 10.96, p < .01) compared
to those who experienced low identification (Figure 3.4). The results confirmed that intrinsic motivation can
be fostered through identification.
Is waning motivation affected by identification? To determine whether motivation waned at different
rates for the two identification groups, we regressed a line on the daily mean of participant data from Day
1 to Day 7, separately for each group. Comparison of the slopes (explained in the data analyses section)
showed significant differences for experienced enjoyment (β = .074, p < .016) and marginally different slopes
for effort (β = .058, p = .065). The slope values (Figure 3.4) show a decline of effort and enjoyment for
participants who experienced lower identification, whereas motivation was more stable for participants with
higher identification. See Figure 3.4.
Do group differences in effort translate into performance? We applied slope-analysis (UCLA, 2016)
to investigate differences in the improvement over days for the two identification groups. Although identified
participants reported higher effort, they did not improve at a faster rate than less-identified participants
(Figure 3.4). As Figure 3.5 shows, performance was initially very high on all measures, showing that there
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Figure 3.4: Means (marks), Regressions (lines), and Equations for Enjoyment and Effort from Day
1 to Day 7 (left) and Day 7 to Day 11 (right) for less and more identified participants.
was not a lot of gains to be made from practice alone. Differences in performance would be due to training
executive function. We address this further in the discussion of the results.
3.4.5.2 Response to the Delivery of an Anticipated Reward
The previous results were focused on Day 1 to Day 7 of our study to establish a differential pattern of waning
motivation and determine its effects on performance. In this section, we focus on Day 7 to 11, to show the
differential response of participants to receiving the external reward.
How does the delivery of an anticipated reward affect motivation for differentially motivated
participants? To investigate the impact of a reward on motivation, we compared the slopes of effort and
enjoyment data on days 7-11. Figure 3.4 shows that the lower-identified participants report an increase in
their invested effort, whereas effort reported by higher-identified participants was more stable (β = −.086, p =
.028). There was no significant difference in the slopes for enjoyment (p = .75).
Do group differences in invested effort following the delivery of an anticipated reward translate
into task performance? We compared the slopes of task performance following the reward for the two
groups. As Figure 3.5 shows, less-identified participants (who reported increased effort after the payment),
showed improvements in performance, reflected in an increasing number of hits. However, more-identified
participants showed a reversal in the improvements seen over days 1 to 7: there was a decrease in the number
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Figure 3.5: Means (marks), Regressions (lines), and Equations for baseline corrected Hits and False
Alarms from Day 1 to Day 7 (left) and Day 7 to Day 11 (right) for less and more identified participants.
Figure 3.6: Means (marks), Regressions (lines), and Equations for baseline corrected Sensitivity and
Bias from Day 1 to Day 7 (left) and Day 7 to Day 11 (right) for less and more identified participants.
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of hits. This difference in slopes was significant (β = −1.227, p = .012). There was a marginally-significant
difference in the slopes for sensitivity (β = −.240, p = .052), showing the same trend. There was no difference
in the slopes of false alarms (p = .270) or bias (p = .247).
Together, these results show that although motivation wanes for each group, identified (i.e., more moti-
vated) participants show less of a decline in the initial 7 days in motivation and greater improvement in some
measures of task performance. Following the delivery of the extrinsic motivator, the less-identified group saw
improvements in motivation and performance, whereas the more-identified group actually showed declines in
motivation and performance, potentially exhibiting the “overjustification effect”.
3.4.6 Discussion
We first summarize our results, and then give design recommendations for approaches to foster intrinsic and
extrinsic motivation in games for training. Our discussion focuses on the application of our findings to games
for training, games user research, and games for entertainment.
3.4.6.1 Summary of Results
Prior to the delivery of the external reward (i.e., on days 1-7), we found the following results.
• We first establish that motivation to invest in our game-based-training activity does wane over time.
Although enjoyment of the task does not change with repeated exposure, effort—the primary measure
of subjective willingness to invest in the training—decreases over time.
• Second, we show that there is improvement in the training task over time on three of the four baseline-
corrected measures of behaviour (i.e., increases in hit, decreases in false alarms, increases in sensitivity).
Additionally, participants were aware of their improved performance—their experienced competence
also increased over time.
• Third, we demonstrate that we can foster intrinsic motivation in a gamified training task using a
manipulation of avatar identification. Although prior work demonstrated this manipulation in the
context of a casual game for entertainment [22], we show that the results extend to games for training.
Specifically, we show benefits of identification on experienced invested effort and task enjoyment.
• Fourth, we show that the benefits of avatar identification on subjective motivation remain over repeated
exposure. Although we expected differences in motivation and effort on Day 1 based on (Ryan & Deci,
2000a), we show in this study that the motivational benefits of this type of manipulation persist over
time. In particular, participants with lower avatar identification experienced declining task enjoyment
and invested effort over time, whereas participants with higher avatar identification show stability in
both enjoyment and effort over the initial week of training.
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• Fifth, we show that the group differences in invested effort do not translate into task behaviour—
although the measures trend in this direction, the identified group did not improve their performance
on the training task at a significantly greater rate than the non-identified group. Following the delivery
of the extrinsic reward—the delayed payment—we find the following additional results:
• Sixth, the delivery of the extrinsic reward resulted in an increase in invested effort for the non-identified
participants, but not for the identified participants (i.e., those who were more intrinsically motivated).
• Seventh, the training data show that this increased effort reported by non-identified participants trans-
lated into task performance in terms of improvements in the number of target hits and marginally in
greater sensitivity (i.e., a greater ability to discriminate between targets and lures).
• Finally, in a behavioural exhibition of the effect of an extrinsic reward on intrinsically-motivated people,
we found that the participants who identified with their avatar showed a decrease in performance after
we delivered the extrinsic reward, as reflected in a decrease in the number of target hits and marginally
decreasing sensitivity.
3.4.6.2 Halting Loss of Interest through Motivational Strategies
We motivated our work with the notion that people are initially relatively enthused to begin training programs
in various domains, such as to learn a new language or begin an exercise program. However, the initial
enthusiasm often begins to wane after the novelty wears off, skill improvement slows down, or the person gets
tired of waiting for the beneficial outcome of their efforts. Our work demonstrates that people with differing
motivational engagement in a training task will respond in contrasting ways to an intervention intended to
halt waning interest. Players who are less intrinsically motivated should respond well to an extrinsic reward,
whereas more intrinsically-motivated players likely will not. A good strategy of piquing the interest of less-
motivated players is to provide them with a reward, whereas players who are still demonstrating interest in
the task might respond better to keeping their interest high. In this section, we present different in-game
strategies that could be used to engender interest in a training game.
Extrinsic Motivators Designers wishing to use extrinsic motivators to engage players in a task can reward
them explicitly, but can also choose from other approaches. Here, we provide guidance based on the spectrum
of extrinsic motivation (Ryan & Deci, 2000a).
External Regulation: Rewards are the classic form of external regulation as they are disconnected
from the player’s goal but are salient to their interests. In-game examples of external regulation are currencies,
tokens, or power-ups.
Introjection: Designing for introjection means focusing on the player receiving approval from them-
selves or others. Providing a player with a status item (e.g., pets in World of Warcraft), a rank that has
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social value (e.g., Platinum status in League of Legends), or an unlocked achievement that has personal value
(e.g., Win 5000 rounds in Counter Strike:GO) target introjection.
Identification: Providing motivation for players who consciously value the activity they are undertaking
should reinforce their self-endorsement of their goals. Asking a player to invest effort in service of a greater
goal (e.g., grinding for a quest in World of Warcraft), or learning low-level details to achieve a desirable
advantage (e.g., Champion statistics in League of Legends) are examples of identification with the personal
importance of a behavior and the acceptance of the regulatory aspect.
Integration: Targeting the congruence that integrated players experience should emphasize the syn-
thesis of the player’s goals with the self-view. Challenging oneself because of internal beliefs (e.g., No-Kill run
in Fall-Out 3), by accepting the demanding role to lead a team (e.g., Raid leader in World of Warcraft), or
by training hard to compete in tournaments (e.g., the League of Legends World Championship) are examples
of integrated motivation in games.
Intrinsic Motivation Design choices that target intrinsic motivation should be about maintaining the
interest of the players.
Enjoyment: To maintain increase of enjoyment, designers should consider adding novelty to the game
(Koster, 2013). This could be achieved through new game levels to play, characters to inhabit, places to
explore, weapons to use, or missions to complete. Although novelty is a central concept in maintaining
the interest of players, there are other ways to engender enjoyment. Self-determination theory suggests
that motivation is formed through the satisfaction of the psychological needs of competence, autonomy, and
relatedness. We address design options for each of these in turn.
Competence: Players should feel that they are satisfying their need for competence -that they expe-
rience mastery over challenges. Game systems use feedback in the form of scores, stars, or achievements
to reinforce the experience of competence. However, a game for training (and skill acquisition in general)
suffers from a fundamental problem in that improvements in skill follow a power law—that is, we see smaller
improvements with more practice (Newell & Rosenbloom, 1981). If we consider learning any new skill (e.g.,
instrument, language, game), the massive improvements seen for each unit of effort invested at the beginning
begin to level off. Players often quit when the satisfaction of competence wanes (i.e., when it takes a lot of
effort to see minor gains in improvement). Designers should consider how to introduce new skills or accelerate
skill acquisition to avoid the leveling off of competence satisfaction that occurs over time.
Autonomy: Players should feel like they are making choices in the game and that they are acting
under their own volition to feel that their experience of autonomy is being satisfied. We manipulated feelings
of autonomy using avatar customization, which previous work has shown to translate into increased effort
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and motivated behaviour (Birk, Atkins, et al., 2016). Other examples of autonomy manipulations are the
branching narratives seen in The Legend of Zelda, the character behaviour choices seen in Mass Effect
3 (Bioware, 2012), and the intensive customization of Avatars seen in Second Life (Linden Labs, 2003).
Focused mainly on the choice aspect of autonomy, designers could also highlight the feeling that players are
acting under their own volition in choosing to play—a potentially difficult task in a training game.
Relatedness: The feeling of making and maintaining social connections is key to the satisfaction of
relatedness. Multiplayer games already have several ways in which the experience of relatedness is satisfied
within gameplay. Support for clan play (e.g., League of Legends), games based on a player’s social network
(e.g., Farmville, PotFarm, or Clash of Clans), and matchmaking algorithms that balance the skills of players in
forming a team (e.g, League of Legends, Dota 2, Fifa) all enhance the experience of relatedness in multiplayer
games. In addition, relatedness can be fostered in single-player games (Ryan et al., 2006) by helping the
player to feel close to the characters within the game (e.g., the companion cube in Portal, or Ellie in the Last
of Us).
We have presented several ways in which both extrinsic and intrinsic motivation can be fostered within
games. In the next section, we discuss how to apply these motivational designs in several design contexts.
3.4.7 Implications for Design
Our results have several implications for the design of game-based training systems, for games user research,
and for games for entertainment and leisure.
Personalizing Training Our results demonstrate how motivational patterns change over time and how
responses to a reward differ for players who are more or less motivated to begin with. Characterizing
the motivational level of players can inform design decisions on when interactive training systems should
intervene to halt waning motivation. However, our work also suggests that characterizing the motivational
orientation of users of these training systems is just as important to inform the appropriateness and timing
of interventions. Understanding that people engage in training games for differing reasons, with differing
expectations, and with differing levels of interest is essential.
Previous work has suggested that the efficacy of persuasive games can be improved if they are personalized
to the individual player type, because different types of players are motivated by different persuasive strategies
(Orji et al., 2014). Our work extends on this idea of tailoring games for training by suggesting that knowing
the motivational level and orientation of players at any given time can—and furthermore should—inform
the choice of the motivational strategy employed, for example by introducing novel content (Mandryk et al.,
2013; Hernandez et al., 2014) or by providing game-based rewards (Mandryk & Stanley, 2004). As opposed
to (or perhaps in addition to) the trait-based tailoring proposed in (Orji et al., 2014), our work suggests a
state-based personalization that takes into account player patterns in motivation over time.
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Application to Games User Research Our findings have implications beyond games for training, in-
cluding in games user research (GUR), which is interested in understanding player experience and applying
this knowledge to improve design. The methods deployed have many parallels to our context of games for
training. It is common in GUR to pay people to participate in studies—sometimes over multiple days.
Similar to players of games for training, gameplay testers may both enjoy the experience and be externally
regulated through the payment. As such, a reward is likely to affect players’ invested effort, enjoyment, and
performance, depending on their level of intrinsic motivation. As such, games user researchers should be
careful about how and when rewards are given to participants. In addition, researchers have to be cautious
about the conclusions they draw from their tests—actual players of their games are likely to be higher in
intrinsic motivation than their testers and thus will likely respond differently to the application of extrinsic
in-game rewards.
Applications to Games for Entertainment Although our research was designed to inform the area
of games for training, our findings have implications in games that are designed solely for entertainment.
Although the intentions of players choosing to play for leisure may differ from those engaged in games for
training, there are parallels. In both cases, the goal is to retain players—the purpose in retaining players
in games for training is so that they achieve a separate beneficial outcome; in games for entertainment, the
purpose of retaining players is driven by the financial outcomes for the company. Next to units sold, the
average revenue per paying user (ARPU) is a key metric of success for commercial games and is directly
related to the number of daily active users (Casual Games Association, 2012). Acquiring new players is also
vital for success. A common approach to acquire new players is to leverage the existing user base through
recruitment reward programs in which players receive premium currency, or vanity items (such as mounts
or skins) as rewards in exchange for successfully recruiting players from their social network. Our findings
suggest that the intertwined reward structure of social outreach has complex implications: the reward might
be desirable for a player, but also may be perceived as externally-controlled and may negatively affect their
underlying motivation and play experience if they were already enjoying the game.
3.4.7.1 Limitations and Future Work
Although our results provide several important implications for waning motivation in games for training,
there are limitations in our study that can be addressed in future work. First, the results that we present are
not causal: we facilitate intrinsic motivation using an established induction paradigm (Birk, Atkins, et al.,
2016). The paradigm creates variability in avatar identification, which in turn fosters differing motivation
in players; however, we cannot interpret our results as causal. Future work can address this limitation by
working with existing players who are differentially motivated to participate in a game for training a specific
activity; however, randomly assigning intrinsic motivation to a subset of participants in an experiment is not
possible by definition. Second, our experience with the avatar identification manipulation raised ideas on
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how to improve the facilitation of motivation through identification. Third, while MTurk has advantages for
research in general, and longitudinal research in particular, the platform is also limited in terms of conducting
research on motivation. Workers have the explicit goal to work in exchange for a financial reward. When
researching motivation, it would be ideal to have full control over what drives participants to engage in a
task. We plan to investigate the differences in reward types such as token rewards (e.g., money), access
(e.g., premium features), or social rewards (e.g., attention from others), to create a taxonomy of rewards and
their effects on players. Finally, the go/no-go task has the advantage of being simple, well described, and
constrained, while also training executive functioning. Most gamified training tasks are more complex and
involve layers of gamification, e.g., points, leaderboards, or social reinforcement. Therefore, our results need
to be shown in the context of a more complex task, ideally “in the wild”.
3.4.8 Conclusion
There are many domains in which people need to invest effort in a training activity over time to see benefit
at some future point. Motivation to engage in these types of training activities often starts off quite high, but
there is a loss of interest over time, and people often quit before reaching their goal. Games for training use
enjoyment to keep interest in the training activity high, even when motivation to achieve the outcome starts
to wane. To explore changing motivation patterns over time and to determine how rewards affect players
with differing interest levels, we conducted an 11-day study of a game for training executive functioning
with players who were split into two groups that reflected their intrinsic motivation induced through a
manipulation of identification with an in-game avatar. We show that motivation wanes over time; however,
both effort and enjoyment wane more for players who identify less. After one week, when we delivered a reward
(payment), the less-motivated group respond positively—increasing their effort and showing improvements in
task performance; however, the more motivated group responded negatively in terms of their invested effort
and declines in performance on the training task. Explained by theories of human motivation, our findings
have implications for games for training, games user researcher, and games for entertainment.
3.5 Summary of Manuscript B
The results showed that avatar identification fosters intrinsic motivation, but peoples’ motivation wanes
differently over time depending on their level of identification with their in-game avatar; for participants
who did not identify with their avatar, extrinsic rewards increased motivation and task performance, while
participants who did identify with their avatar showed stable self-reported motivation but showed a decrease
in task performance after receiving a reward. The findings are in-line with the overjustification effect and
show that motivation induced through avatar customization is responsive to reward delivery. Furthermore,
the study demonstrated that motivation is affected by avatar customization in the medium-term.
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3.5.1 Lessons Learned
Besides the presented research findings, I have learned several lessons when conducting the presented study.
I primarily learned about payment in an online context, but I also gained further insights into avatar cus-
tomization, motivation, and task choice in online paradigms.
3.5.1.1 Effects of Payment
While previous research has used Amazon Mechanical Turk for multi-day studies before (Daly & Nataraajan,
2015), the presented study was our first experience with crowdsourcing a multi-day study. Participants’
commitment and willingness to engage on a daily basis was surprisingly high with an average of 63% engaging
every day even if there were not paid daily. The personal feedback Turker’s send through Amazon Mechanical
Turk’s system indicated that people were waiting for payment.
Participants’ payment concerns and our results—which show that participants respond differently de-
pending on their motivation—suggest that payment needs to be carefully considered in online studies. A
finding that is in line with previous laboratory findings (Staw et al., 1980) and theoretical considerations
around the effects of incentives in motivational research (Locke, 1968).
Specifically, my research reveals parallel effects of experience and behaviour, showing that subjective
motivational measures have a degree of predictability for motivated behaviour. In the context of my research,
it is relevant to see that enjoyment and effort show steeper declines for those who identify less with their
avatar over time, indicating that avatar customization might positively affect engagement over time. The
overjustification effect is more pronounced on a behavioural level, which is also in line with previous research
suggesting that people are not necessarily consciously aware of their decisions, especially not if the behavioural
change is minimal. These findings suggest that it is difficult to identify motivational changes from self-reported
data. Therefore, spatial measures of motivation that can distinguish extrinsic and intrinsic motivation are
required. Furthermore, because the effects on motivated behaviour are difficult to measure, it is important
to design online studies with potential effects of financial incentives in mind, e.g., by developing payment
plans that prevent potential effects on engagement.
3.5.1.2 Avatar Customization and Motivation
In Chapter 2, I showed that avatar customization affects motivated behaviour in a game context. One
important outcome of the presented study was that avatar customization affects experience and behaviour
in the context of a simple task instead of a game-context. In the context of my thesis, to show that avatar
customization applies outside of the game context is an important interim step to investigate the potential
of game-based motivational design strategies applied to training tasks for health.
However, avatar customization does not produce group differences. Similar to the experiment discussed
in Manuscript A, identification is the mediating factor. When considering identification as a proxy for
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motivation, there are several issues: 1) Median splits of variables decrease the finding’s internal validity,
because the results do not include the entire range of the variable. 2) Because there are no group differences,
it is not possible to claim causality, i.e., avatar customization cannot be discussed as the reason for the
presented findings. 3) There are open questions around the levels of motivation and how being differently
motivated might explain my findings in more detail.
3.5.1.3 Levels of Motivation
In the presented study, I did not directly measure levels of motivation but argued that the effect of avatar
customization on motivation has been shown before in Manuscript A. Therefore, I claimed that avatar
customization affects intrinsic motivation measured by identification as a proxy. In future studies, it would
be beneficial to measure different levels of motivation to gain more fine-grained insights into participants’
motivation to engage with a training task. Another added benefit of more fine-grained measures would a
better understanding of the impact of financial incentives in multiday studies—are participants only engaging
because of a separable outcome (i.e., money) or because they enjoy the activity?
3.5.1.4 Advantages and Drawbacks of the Go/No-Go Task
The go/no-go task allowed me to implement a very simple task that could easily incorporate a game-theme
and allowed for believable user interactions with the task. While the task could be perceived as game-like, I
intended it to train peoples’ ability to learn better control over their responses—a skill that has been shown
to have positive effects on mental health (Dowsett & Livesey, 2000; Thorell et al., 2009). Unfortunately,
the task showed ceiling effects, i.e., most participants learned to perform the task flawlessly. To measure
performance differences, a task with high enough difficulty would be needed. Another alternative would be
to avoid performance tasks altogether and rely on other outcome measures, such as measures of mood change
or self-reported responses to constrained situations such as emotional inductions.
3.5.2 Relevance in Context
The presented study addressed differential effects of reward delivery on intrinsic motivation facilitated through
avatar customization. Within my dissertation, Manuscript B contributes in the following ways: 1) I present
my first investigation of medium-term effects of avatar customization; 2) I investigated the responsiveness
of avatar customization-induced motivation to known effects on motivation, i.e., the overjustification effect
(Deci et al., 2001; Huillery & Seban, 2014; Amabile, 1993; Hitt et al., 1992; Seaverson et al., 2009); 3) In the
manuscript, I introduced a more nuanced perspective on motivation following research on Self-Determination
Theory (Ryan & Deci, 2000a); and 4) my research touches on the tension between monetary incentives in the
context of research on motivation—highlighting that it is important to find ways of incentivizing participants
without subtly affecting results, especially not when investigating intrinsic motivation.
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In the context of my dissertation, the presented study contributes to my goal of building a scientific
basis to understand and utilize avatar customization as a motivational design strategy by replicating pre-
vious effects presented in Chapter 2, along with a more nuanced look at motivation as a result of avatar
customization. While the study confirms that avatar identification drives effects of self-reported motivation
and behaviour, the study goes beyond the finding itself by showing that induced motivation is responsive
to known manipulations of motivation, highlights the impact of incentives on study designs, and provides
insight into MTurk workers’ motivation and behaviour over time.
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Chapter 4
Combating Attrition
Citation: Birk, M. V., & Mandryk, R. L. (2018, April). Combating Attrition in Digital Self-Improvement
Programs using Avatar Customization. In Proceedings of the 2018 CHI Conference on Human Factors
in Computing Systems (p. 660). ACM.
Acknowledgment: Under my direction, Cherylin Atkins implemented the breathing exercise and
modified the avatar customizer described in Manuscript B.
In coordination with my supervisor, Dr. Regan Mandryk, I was responsible for the research direction,
experimental design, system design, data gathering, data analysis, and reporting.
My goals in Manuscript C were to study the effects of avatar customization on sustained engagement,
operationalized as login behaviour. In this study, I adjusted the study protocol in response to the lessons
learned in Manuscript A and B, and replaced the video control group with a control group in which an
avatar was assigned instead of showing a video of the avatar creation process. The study design was strongly
influenced by reflecting on previous lessons learned, for example those described in Chapter 3, in which I
showed that incentives affect experience and behaviour—consequently, I adapted our payment procedure.
Our findings are explained in the context of my previous work—understanding user behaviour as a function
of identification, and in relation to levels of motivation as described in Manuscript B.
In the study presented in Manuscript C, 400 participants were invited to participate in a three-week long
study using Amazon Mechanical Turk. Central to the study was a 19-day long breathing exercise divided
into a pre-notification phase (Day 2-7), a notification phase (8-15), and a post-notification phase (16-19)
to compare the effects of customization to a better-known (and more explicit) manipulation of engagement
(i.e., notifications). Participants created their avatar on Day 1 or were introduced to an assigned avatar.
Pre-and post the multi-day breathing exercise (i.e., Day 0 and Day 20, respectively), we measured levels of
motivation. Additionally, we measured demographic information on Day 1 and conducted an exit survey on
Day 20.
Participants were paid $2 on Day 0 for filling in demographic information, which took about 10 minutes.
On Day 0, participants were re-invited to partake in the multi-day study, starting the next day. 62.5% (250
participants) returned to the multi-day breathing exercise on Day 1. Building on the insights about reward
delivery gained in Chapter 3, participants were paid $10 upfront for Day 1-19, as participants who fully
engaged voluntarily in the study would spend approximately 60 minutes over three-weeks working on the
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study. On Day 20, participants were paid an additional $2.50 for filling in a final survey. In the context of
crowdsourced online studies, the payment plan was designed to minimize the effects of delayed payments on
participants’ motivation and to be considerate about the effects of incentives on motivation in general.
4.1 Problem and Motivation
In Chapter 3, I showed in a multi-day game-based training that motivational effects associated with avatar
identification persist over time and respond differentially depending on the level of motivation to reward
delivery—the results are in line with previous research (Deci et al., 2001; Huillery & Seban, 2014; Staw
et al., 1980). The results are relevant to address the problem formulated in the problem statement of my
dissertation—Manuscript A provided insights into the general effects of identification on experience and
behaviour. And Manuscript B suggested that identification can facilitate sustainable engagement. However,
both studies deployed video games (i.e., an infinite runner in Manuscript A) or game-based intervention
(i.e., a game-based training in Manuscript B), limiting the generalizability and applicability of the results.
Therefore, the problem I addressed in this Manuscript is that avatar customization shows promising effects
when avatars are displayed either embedded into a game or into a game-based training application, but it
remains unclear if avatar customization can facilitate sustained engagement with a non-game-based training
task over time.
4.2 Solution and Steps to Solution
To address the question if avatar customization has the expected effects on sustained engagement with a
non-game-based training task, I conducted a 21-day long online study in which participants engaged for
19 days in a daily breathing exercise, either with a customized avatar or an assigned avatar. Based on
my previous research (See Chapter 2 and 3), it is fair to assume that avatar customization can increase
engagement and reduce login attrition in the medium-term. Reduced attrition in a non-game-based training
task would indicate that avatar customization is indeed a motivational design strategy that fosters inherent
motivation to engage over time outside of a game-context and facilitates sustained task engagement. While
previous effects are encouraging, the studies presented in Chapter A and Chapter B prioritized internal
validity, while maximizing external validity—isolating small effects was our main priority in both studies.
The manuscript presented in this Chapter prioritizes external validity by focusing on a research context that
allows for extrapolating potential user behaviour in-the-wild as a result of customization. Design strategies
that facilitate motivation are especially important in contexts with low external regulation or non-existing
regulation as common, for example, in internet-based training. Medical treatment faces similar issues—
medication adherence, for example, is a known issue that thwarts the efficacy of many medical products and
has spawned digital products to combat low adherence (Huckvale et al., 2015; Griffiths et al., 2010; Heber
et al., 2016; Lorig et al., 2010). External regulation, however, is expensive and systems such as notifications
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(Cutrell et al., 2001), nudging (Thaler & Sunstein, 2008), or human support (Schueller et al., 2017) can
easily be ignored or are unavailable or too expensive. In the study presented in Manuscript C, I investigated
avatar customization pre-notifications, during notifications, and post-notifications to contrast the effects of
intrinsic motivation with a common interface design approach for increasing adherence. From the research
presented in Chapter 2, I learned that rewards can affect experience and behaviour in online tasks. Therefore,
I introduced a sophisticated payment plan to minimize potential effects of incentives on my participants. The
payment plan was deployed with the aim to allow participants to engage with the daily exercise without feeling
that they need to engage with the task because of a separable outcome, but because they want to engage
with the task under their own volition. This payment plan allowed us to investigate intrinsic motivation
and engagement without regard to payment (see Section 4.3.3). To measure and control for other forms of
motivation besides intrinsic motivation, I used the Situational Intrinsic and Extrinsic Motivation Inventory
(SIMS) to measure different levels of motivation (see Section 4.3.4).
4.2.1 Research Questions
To address the efficacy of avatar customization on a non-gamed-based self-improvement program over time,
we investigated the following research questions:
RQ1. Does customizing an avatar combat attrition?
RQ2. Does customization affect avatar identification?
RQ3. Does customizing an avatar affect situational intrinsic or extrinsic motivation over time?
RQ4. Are the differences in logins explained by increased identification (controlling for pre-
existing motivation)?
4.3 Design Rationale
The study design was geared to investigate the effect of avatar customization on attrition in a semi-naturalistic
setting, allowing me to infer the efficacy of avatar customization in-the-wild. To create a study that maximized
external validity, while assuring internal validity, I did the following: 1) I moved away from a game-based
training task as used in Manuscript B. 2) I used Amazon Mechanical Turk, because our previous experiences
suggested that MTurk workers show commitment to a study, but vary enough in their behaviour (i.e., drop-
out) to fulfill our requirements. Most importantly, however, workers are not constrained by lab times or
build any personal connection with the experiment that increases their commitment—very similar to the
experience of using a technology-enabled service for health without supervision. 3) I carefully considered
the impact of incentives aiming to avoid that incentives affect participants’ login behaviour over time. 4)
I measured and compared subjective experiences of levels of motivation as described in Chapter 3 with the
goal of gaining a better understanding of why participants engaged with the breathing exercise over time. 5)
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In addition to evaluated scales of motivation, I asked participants at the end of the study about the reasons
why they DID and DID NOT participate using “check all that apply” questions.
4.3.1 Non-game-based Training: Breathing Exercise
In my previous studies, participants customized an avatar or watched a video of someone else customizing an
avatar before engaging with the same avatar in a game-based context, e.g., an infinite runner (Manuscript
A) or a Zombie themed go-no-go task (Manuscript B). To extend the applicability and usefulness of my work
beyond games, I decided to move to a simple breathing exercise, which is a) a non-game-based training, b)
allows for daily practice, c) has believable health implications (i.e., the participants would believe that it was
the intervention under investigation), and d) allows for the integration of an avatar.
4.3.2 Long-term Worker Behaviour and Study Commitment
Having worked with more than 5000 Amazon Mechanical Turk workers across multiple studies gave me
valuable insights into the behaviour of workers. Previous research has already shown that results produced
online are comparable to lab results (Buhrmester et al., 2011; Kees et al., 2017; Crump et al., 2013; Kittur et
al., 2008) and that the majority of workers earns extra, rather than primary, income on Amazon Mechanical
Turk (Ross et al., 2010) (only a minority actually makes a living on MTurk, see Ross et al., 2010). These
findings combined with my experiences with workers led me to have confidence that workers are a sample
that might be slightly skewed—there are more white, well-educated workers than would be representative in
the US population (Huff & Tingley, 2015; Berinsky et al., 2012)—but that their general behaviour is similar
to what would be expected from participants in the lab, i.e., they hold commitments for the most part, work
as agreed on, and even provide unsolicited feedback to potential protocol errors or technical issues. Because
workers operate remotely from their homes, there is no control over the environment and it is important
to build in processes that allow for the assurance of data quality (e.g., the button pressing mechanic used
in Manuscript A), but the trade-off of dealing with a few participants who show deviant behaviour—which
can also be a problem in lab studies—is well worth the advantage of studying effects of interface design
(i.e., avatar customization) on user behaviour in a semi-natural setting. Because of the natural behaviour
of workers and the advantage of a semi-natural study environment, we decided that when optimizing for
external validity, MTurk would provide advantages that a lab study could not provide without a substantial
amount of resources and would even then be inferior, e.g., most people would not commute to partake in a
one-minute digital intervention.
4.3.3 Incentives
In a Letter to the Editors of World Psychiatry, John Torous and Joseph Firth comment on the dichotomy of
actual versus aspirational digital health (Torous & Firth, 2018) and highlight that novel study formats such
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as crowdsourced user studies have huge potential to add to our understanding of mental health, but that we
need to consider the effects of incentives and how they might affect the performance of real-world (i.e., not in
a study context) applications. For the study presented in Manuscript C I prioritized external validity—i.e.,
in study length, application choice, sample source—which is reflected in the experimental design, the study
material I chose, and guided our decisions around our payment protocol. I decided to pay participants upfront
to assure that payment did not affect their decision to engage with the task on a daily basis. With $10 for
3 minutes per day over 19 days (57 minutes in total), I decided to pay fairly but not to overpay with the
intention of avoiding that participants’ engagement could be a function of payment. $10 for 400 participants
upfront is a serious investment of resources. Therefore, I decided to build an initial pool of 400 participants
(Day 0) who were re-invited to partake in the multi-day part of the study (starting Day 1)—250 people
returned on Day 1 and were paid $10. My reasoning here was that this way I would only have participants
in my pool who have shown that they return after an invite and are therefore more likely to show further
commitment. I assured that participants were swiftly paid, accepted the task and completed the first run
through on Day 1. By paying participants with only a three-hour delay, I minimized the risk of potential
effects on participants’ motivation. I separated the payment of the exit survey from the payment of the first
study, because I was interested in getting as many responses as possible to the exit survey—both from people
who regularly completed the breathing task and from those who did not.
4.3.4 Subjective Experiences of Situational Intrinsic Motivation
In Manuscript B, I inferred levels of motivation based on my findings from Manuscript A—I inferred that
avatar customization increased intrinsic motivation, reflected in self-reported intrinsic motivation and be-
haviour (i.e., reward response), for those who identified with their avatar. However, the assessment of levels
of motivation as described in Chapter 3 could be improved by using validated scales that allow for the assess-
ment of levels of motivation beyond intrinsic motivation. The Situational Intrinsic and Extrinsic Motivation
Scale (SIMS) (Guay et al., 2000) is composed of four subscales and designed to assess intrinsic motivation,
identified regulation, external regulation, and amotivation—the scale has been shown to be responsive to
experimental inductions (Ibid). Adding an explicit measure of different levels of motivation allowed me
to measure participants’ motivation over time and investigate if avatar customization affects self-reported
motivation—distinguishing for example if participants engaged because they inherently enjoyed the task
(i.e., intrinsic motivation) or felt they needed to because of an external reason such as a reward (i.e., external
regulation).
4.3.5 “Check All That Apply”-Reasons for Participation
During the exit survey of the experiment, I asked participants to reply to an “all-that-apply”- question with
the intent to gauge why participants DID and why they DID NOT participate. My reasoning for proving
preselected answers was to gain data-driven insights into questions that potentially would lead to a better
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understanding of participants’ behaviour and potentially even spawn additional research questions. For
example, “I liked seeing my avatar” (assigned 9%, customized 16%) confirms our assumptions and shows
that the effects of customization even effect explicit statements of liking. The question “It became a habit for
me” (assigned 18%, customized 28%) is interesting from a research perspective, because it infers that when
using customized interfaces, I might be more likely to form habits, which would have implications for every
application that relies on habit forming, e.g., social network games, medical adherence programs, or dating
apps.
4.4 Manuscript C
Digital self-improvement programs (e.g., interventions, training programs, self-help apps) are widely accessi-
ble, but can not employ the same degree of external regulation as programs delivered in controlled environ-
ments. As a result, they suffer from high attrition—even the best programs won’t work if people don’t use
them. We propose that volitional engagement—facilitated through avatar customization—can help combat
attrition. We asked 250 participants to engage daily for 3 weeks in a one-minute breathing exercise for anxi-
ety reduction, using either a generic avatar or one that they customized. Customizing an avatar resulted in
significantly less attrition and more sustained engagement as measured through login counts. The problem
of attrition affects self-improvement programs across a range of domains; we provide a subtle, versatile, and
broadly-applicable solution.
4.4.1 Introduction
People often find it difficult to activate themselves to undertake behaviours that are good for them, such as
engaging in regular exercise, learning a language, or taking care of mental wellness by practicing mindfulness.
Even when people are motivated to begin a program of self-improvement, they may find it difficult to adhere
long enough to see the resulting benefits. To help activate these behaviours, people seek out—or societies
institutionalize—controlled environments that provide the scaffolding to help obtain the desired outcomes,
such as being fit, healthy, or educated. For example, people who wish to undertake an exercise program
may hire a personal trainer even if they already know which exercises to do; societies establish formal school
environments for children to support learning; people with serious addictions may cloister themselves in
formal rehab programs; and people may seek out counselling services to improve their mental health.
These controlled environments rely on external regulation—taking action to satisfy an external demand
or obtain an externally-imposed reward (Ryan & Deci, 2000a)—to encourage continued participation and
avoid attrition, even when motivation wanes due to competing demands on our time, attention, or resources
or simply because we lose interest over time. The teacher, trainer, and counselor all help reinforce the
commitment to self-improvement through the use of verbal and written contracts that have penalties for
breaking them.
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External regulation can be an effective method of promoting participation in self-improvement programs;
however, access to these programs is often limited. The cost of a personal trainer is much greater than that
of an exercise app; attending weekly Spanish classes requires instruction and facilities that are completely
negated by a language-learning program such as Duolingo1; and access to counselling services can be limited
by geography (Canadian Mental Health Association, 2016) or health-care systems that do not have enough
therapists to meet the demand (World Health Organization, 2014). To improve the accessibility of programs
of self-improvement, researchers and designers have turned to digital approaches (e.g., apps, internet-based
training, forum groups) so that program delivery can be delivered at scale—i.e., at the size required to address
the problem. However, digital self-improvement programs delivered at scale often cannot employ the same
degree of external regulation as their non-digital counterparts.
External regulation has been introduced into digital self-improvement programs delivered at scale, for ex-
ample through notifications (e.g., https://www.myfitnesspal.com/), login streaks e.g., http://www.udacity.com),
locking out access to other programs (e.g., http://www.saent.com), and contingent rewards (Jeni, 2017; Dale
et al., 2018); however, these are typically weaker forms of external regulation that can be easily circumvented
or ignored by people. As such, in digital self-improvement programs delivered at scale, we must compensate
for the loss of external regulation, so that program efficacy is not compromised in service of increased access.
We propose that increasing the volitional engagement of participants can help to counteract the loss of
external regulation in digital programs delivered at scale. Volitional engagement implies that people are
engaging as a choice (Gagne, 2003), and is associated with being more intrinsically motivated—i.e., doing
something because it is inherently interesting (Ryan & Deci, 2000a). A common approach to making digital
self-improvement programs inherently interesting is to leverage mechanics and features from digital games,
which are known to be intrinsically motivating to play (Ryan et al., 2006). Often referred to as gamification,
i.e., the use of game design elements in non-game contexts (Deterding et al., 2011), these approaches have
been shown to increase participation in self-improvement programs in the short term and over repeated
exposure (Richter et al., 2015).
Previous work has shown that one such technique—that of avatar identification through customization—
increased enjoyment of a casual game and translated into increased motivated behavior as measured by greater
time spent in free play (Birk, Atkins, et al., 2016). Further work showed that the same technique sustained the
increase in enjoyment and invested effort in a simple training task (a gamified go-no-go task) over repeated
exposure. However, in this prior work, behavioural differences were only shown in the immediate-term,
i.e., directly following play; there was no evidence of increased retention of participants over time. Over
the medium-term, there was evidence of increased enjoyment for those who identified with their customized
avatar, but this effect was negatively influenced by experiment payment in an example of the overjustification
effect (Deci et al., 1999)—in fact, the use of daily payment meant that participation rates could not be
interpreted, as they could not be attributed to increased volitional engagement as a result of the technique
1http://www.duolingo.com
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(Birk, Mandryk, & Atkins, 2016).
In this paper, we investigate the use of avatar customization as a method of decreasing attrition in
a medium-term digital program of self-improvement delivered at scale. We either assigned participants a
generic avatar or asked them to customize their own avatar who would lead them through a one-minute
daily breathing exercise. We chose breathing as the program due to its simplicity and believability as an
intervention for improved mental wellness (Ahtinen et al., 2013)—the experimental cover story. To avoid the
external regulation associated with payments, we paid participants in advance and asked them to complete
the daily breathing exercise at their leisure—no reminders were given for the first week, a daily notification
was provided for the second, and no notifications were again provided for the third and final week. We logged
their participation and their state anxiety before and after breathing. We also used validated scales to assess
traits that might explain their behaviour and their degree of amotivation, external regulation, identified
regulation, and intrinsic motivation over time.
Our results show that avatar customization increases participation over a 3-week program, that this
difference cannot be attributed to accompanying increases in identified regulation, and that identification
with the avatar does not fully explain the benefits of avatar customization on logins. Even the best-designed
self-improvement programs don’t work if they aren’t used; our work provides a step in using interaction
design to decrease attrition and promote engagement.
4.4.2 Related Work
We present work on understanding our need for self-improvement, theories why we deviate from positive and
intended behaviour, and the cost of attrition. We provide background literature on interaction techniques
that combat attrition. We then explain the theoretical background of volitional engagement and current
approaches for fostering volitional engagement in digital self-improvement.
4.4.2.1 Challenges in Self-Improvement
Be it acquiring knowledge in educational settings, improving physical or mental health, or learning new skills,
as people, we enjoy and seek out opportunities to improve ourselves and grow. Lifestyle decisions (i.e., how
we individually address personal growth) and self-improvement (i.e., taking action to become better) have
long been addressed in psychological research, for example by Self-Determination Theory (Ryan & Deci,
2000b)—as the axiom of personal growth; in Self-Efficacy Theory (Maddux, 1995)—as the inherent belief
that one can succeed in facing new challenges; and in Positive Psychology (Seligman & Csikszentmihalyi,
2014)—captured in the attempt to answer the question “What is a good life?”.
Most self-improvement actives, such as learning a new skill or exercising, require persistence, but motiva-
tion wanes over time (Bean & Eaton, 2000; Dishman, 1991; Eysenbach, 2005; McAuley et al., 1990) and life
circumstances change; starting a new job or working to meet a deadline can change our focus and compromise
our ability or willingness to engage in behaviour that leads to self-improvement.
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How to practically enable personal growth and avoid the pit falls of waning motivation has been addressed
by, for example, applying Self-Efficacy theory to exercise programs (Marcus et al., 1992) or Self-Determination
Theory in the context of learning (Rigby et al., 1992). Broadly speaking, theories of user engagement can
be separated into social-based theories (Festinger, 1954; Schilling & Hayashi, 2001)—those that investigate
the role of others in our behaviour; need-based theories (Atkinson & Litwin, 1960; Maddux, 1995; Locke &
Latham, 2002; Ryan & Deci, 2000b)—ones that assume that our actions are determined by internal needs,
e.g., the need to experience mastery; and reward-based theories (Fishbein & Ajzen, 1975; Skinner, 1972)—
theories that attribute actions to expected or learned outcomes.
The Impact of Attrition Although people are often motivated to begin programs of self-improvement,
waning motivation results in reduced participation over time. Attrition—the loss of participants over time—
has been shown to negatively affect the outcomes of different forms of training (Bean & Eaton, 2000; Dishman,
1991; Eysenbach, 2005) as even the best forms of training do not work if people do not use them. Attrition
is, for example, studied in the context of eHealth interventions (Christensen, Griffiths, & Jorm, 2004),
because randomized clinical trials (RCTs) need to capture drop-out to evaluate the quality of an intervention.
Dropping out of a digitally-delivered intervention like MoodGYM (Christensen et al., 2002) means that the
positive outcome is lost—if training is not performed, it can’t show the desired outcome. Eysenbach defines
the law of attrition as “. . . the observation that in any eHealth trials, a substantial proportion of users
drop out before completion or stop using the application” (Eysenbach, 2005). Whereas Eysenbach focuses
specifically on eHealth applications, the issue—not necessarily the health implications—of drop-out are the
same across domains. Systems like MoodGYM (Christensen, Griffiths, & Jorm, 2004), (Christensen, Griffiths,
& Korten, 2004) show higher completion rates under external regulation compared to completion rates “in-
the-wild”; 22.5% in a clinical trial (N = 182) compared to only 0.5% for the completion of all 5 modules
in-the-wild (N = 19607).
In the context of mental health interventions and applications, Killikelly et al. (2017) suggest four ap-
proaches to study the flip side of attrition, called adherence: (1) the analysis of drop-out rates, (2) relation-
ships between varying factors, e.g., intervention time, (3) post-study questionnaires of experience, and (4)
experimental factors to manipulate adherence. Previous studies have also highlighted the importance of sup-
port (Mohr et al., 2011), to cater to the target audience’s behaviour (Doherty et al., 2012; Mohr, Tomasino,
et al., 2017; Mohr et al., 2011), and community (Schlosser et al., 2016). Quantifying the negative impact of
attrition is challenging (Christensen et al., 2009; Eysenbach, 2005), because once people have dropped-out of
a study or a training program, they are difficult to access (Eysenbach, 2005). As an alternative, researchers
have developed models to better understand drop-out in the context of health (Christensen et al., 2009; Ey-
senbach, 2005), learning (Bean & Eaton, 2000; Berge & Huang, 2004), and exercise (Dishman, 1991; McAuley
et al., 1990; Mullen et al., 2013) programs, as well as identifying potential predictors of attrition (Killikelly
et al., 2017).
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4.4.2.2 Combating Attrition
Traditional methods to combat attrition rely on a variety of methods, including: peer-support (Dennis,
2003)—e.g., Alcoholics Anonymous (AA) defines a support group, but also fosters the relationship with
an experienced alcoholic (i.e., a sponsor) to help participants abstain (Kast et al., 2012); oral or written
contracts (Rousseau, 1995)—e.g., a recovery contract defines goals, a timeline, and consequences (personal
or legal implications), to support recovery; and financial penalties (Pearson & Lieber, 2009)—e.g., personal
trainers or counselors will usually charge for an agreed-on-appointment, regardless of attendance.
Technology-Supported Methods to Combat Attrition Technology offers novel opportunities to com-
bat attrition. For example, push-notifications remind users to engage in an activity, showing positive effects
on attrition (Kelders et al., 2012). Research on notifications has investigated general notification preferences
and behaviour (Iqbal & Horvitz, 2010), notifications that are sensitive to context (Iqbal & Bailey, 2008) and
attention (Horvitz et al., 1999), personalized notifications (Etter et al., 2006), and subtle changes in user
interfaces (Kerber et al., 2016). A main driver for research on notifications is the finding that notifications
are disruptive (Bailey & Konstan, 2006; Czerwinski et al., 2004), and negatively affect memory (Cutrell et
al., 2001) and task performance (Bailey & Konstan, 2006).
To combat attrition, platforms incorporate strategies to create more engaging experiences. For exam-
ple, the design of SilverCloud—an online platform designed for delivery of Cognitive Behavioural Therapy
(Doherty et al., 2012)—incorporates four strategies to engage users: Interactivity—supporting active user
engagement, i.e., allowing for meaningful choices; Personalization—content that is geared towards user needs
and allows for customization; Support—enabling contact to a health professional or therapist; and Social—
enabling community building and peer-interactions.
Online peer-groups have been formed around many topics of interest, e.g., diet, exercise. But online
services that cater to training-at-scale, e.g., Udacity2 or Lynda3 as learning platforms, go beyond mere
information exchange and offer specialist services that promise personal advancement everywhere at any
time. Being able to communicate with others, exchanging what has been learned, and discussing concepts
and theories with others, are essential components of online learning-at-scale and have been shown to keep
users engaged (Mohr, Tomasino, et al., 2017).
4.4.2.3 The Theory of Volitional Engagement
Approaches for increasing adherence and reducing attrition in programs of self-improvement delivered at scale
generally work to increase the voluntary participation of users—referred to as volitional engagement (Gagne,
2003). Volitional engagement draws on theories of human motivation to explain why people choose to engage
in a task (Ryan & Deci, 2000b). For example, in a learning program, motivation can be described as different
2http://www.udacity.com
3http://www.lynda.com
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regulatory styles: intrinsic motivation—i.e., learning for the inherent satisfaction of gaining knowledge;
identified regulation, i.e., learning because one values being knowledgeable; external regulation—i.e., learning
because the outcome (gained knowledge) is perceived as means to get a good job; and amotivation, i.e., the
lack of any intention to learn. It is generally understood that more intrinsic forms of motivation are beneficial
for volitional engagement.
Multiple strategies have been applied to foster volitional engagement in a digital context. For example,
gamification—the application of game elements in a non-game context (Deterding et al., 2011)—has success-
fully been applied to increase volitional engagement in a variety of contexts (Richter et al., 2015; Seaborn
& Fels, 2015). The at-scale mobile language learning Duolingo (http://www.duolingo.com, n.d.), for exam-
ple, successfully incorporates multiple mechanics to increase user engagement and combat attrition, such as
streak-based incentives, completion-based rewards, leaderboards and avatar customization. In a similar vein,
persuasive technology uses strategies to bring about change by shaping or reinforcing behaviors or attitudes
(Fogg, 2002). Two strategies commonly employed in persuasive technologies are personalization (Kaptein et
al., 2015; Nouchi et al., 2013)—which is system-initiated tailoring that offers content or services personalized
to an individual; and customization (Orji et al., 2014; Sundar & Marathe, 2010)—which is a system that
supports user-initiated tailoring of content or services. Sundar and Marathe (2010) argue that although per-
sonalization will increase the relevance of content for individuals using an interactive system, customization
yields systems and content that are not only relevant, but also boost the agency and self-determination of
the individual because it is they themselves who perform the tailoring. Customization fosters autonomy, a
sense of control, and a sense of identity, making the person feel relevant in the context of their interactions
(Ibid).
4.4.2.4 Application of Volitional Engagement
Customization has been used in internet-based training, for example, by allowing users to create individ-
ualized training plans (Burns et al., 2011; Meyer et al., 2015), by providing users choice about training
approaches they want to take, e.g., a CBT approach versus a mindfulness approach (Meyer et al., 2015),
and by customizing when an application sends a reminder (Burns et al., 2011). Game-based approaches
often increase a user’s options to customize: The exergame Zombies, Run!4, for example, features selectable
missions with different training intervals and a currency that users can spend to choose rewards. Pokemon
Go5, was a huge success in activating people to walk (Althoff et al., 2016); the game, which focuses on
collecting monsters, gives players the option to customize their avatar and incentivizes movement—players
can, for example, hatch rare companions from eggs after walking a certain distance. The idea that digital
representations (i.e., avatars) can be customized to foster volitional engagement has been explored before
(Birk, Atkins, et al., 2016; Trepte & Reinecke, 2010).
4https://www.zombiesrungame.com/
5http://www.pokemongo.com
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Avatar Customization In the context of online games, avatar customization has been shown to increase
avatar identification and subsequent enjoyment of a game; furthermore, avatar identification translated into
motivated behavior as measured by greater time spent in a free play task (Birk, Atkins, et al., 2016). In the
context of internet-based training, we suggest that customization may reduce attrition and increase training
efficacy.
4.4.3 Study Methods
We conducted an online experiment in which participants were paid upfront to partake in an online breathing
exercise. Participants were either assigned an avatar or were asked to customize their own. After 7 days
of self-actuated participation, we sent out daily reminders for 8 days, and stopped sending the reminders
for the remaining 4 days. Including the pre- and post-surveys, it was a 3-week experiment. Considering
that attrition occurs rather quickly (Eysenbach, 2005), we chose the experiment duration based on previous
research on habits, which suggests that small habits, like performing a breathing exercise, are formed in a
time frame of approximately 21 days (Lally et al., 2010).
4.4.3.1 Avatar Creator
To manipulate avatar identification, we built a character creator using the Unity 5.4 game engine (Unity
Technologies, 2016), Unity Multipurpose Avatar 2 (UMA Steering Group, 2015), built for WebGL. Partici-
pants were asked to create an avatar by adjusting the avatar’s appearance, personality, and attributes (see
Figure 4.1). Participants were required to spend a minimum of four minutes in the character creator, but
could take longer if they wished; afterwards a summary of their created avatar was shown.
Appearance: Participants could customize the avatar’s sex (2 choices), skin tone (5), hairstyle (4), hair
colour (4), eye colour (4), upper clothing (3), lower clothing (3), clothing colours, and shoes (2). Participants
could also adjust the avatar’s facial features, choosing between 4 different head shapes, i.e., heart shaped,
oval, round, squared jaw, and 3 different options for eye-, ear-, lip-, nose size, (i.e., small, medium, large),
eye distance (i.e., close, medium, far), and ear orientation (i.e., flat, medium, sticking out). While hair
colour (brown, blond, black, and red), and eye colour (blue, green, brown, and green), were limited to one
of naturally-appearing discrete choices, clothing colours were picked using a colour picker supporting 16.7
million colours.
Personality: Applying the BFI-10 personality questionnaire (Rammstedt & John, 2007), participants were
instructed to state their agreement on a 5-pt Likert-scale (disagree strongly to agree strongly) to ten state-
ments about their character’s personality: “I see my avatar as someone who. . . ”, e.g., “is reserved”, “tends
to find fault with others”.
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Figure 4.1: Avatar Creator.
Attributes: Drawing from the character creation process of role-playing games (e.g., Dungeons & Dragons),
participants were required to distribute eighteen points to six different character attributes, i.e., intelligence,
stamina, willpower, charisma, dexterity, and strength. Participants were required to assign at least one point
in each category.
4.4.3.2 Conditions of Volitional Engagement
To manipulate volitional engagement through avatar identification, half of the participants were asked to
customize their avatar using the described avatar creator, whereas the other half were assigned an avatar
with generic physical and facial features, plain clothes, and medium hair and skin colour (see Figure 4.2).
To avoid unwanted gender mismatch between participant and avatar in the assigned condition, we asked
participants “If you were to create an avatar to represent yourself in digital environments, that digital
representation would be:” and limited possible responses to male and female. We assigned the generic avatar
accordingly. The avatar creator in the customization condition provided the options male and female.
4.4.3.3 Recurring Task: Breathing Exercise
Our goal was to ask participants to engage in a program of self-improvement, but the specific program itself
did not matter for the purposes of demonstrating decreased attrition as a result of avatar customization;
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we simply needed a believable program of self-improvement in which an avatar could be present. To reduce
variability associated with topic interest (e.g., a music training program, such as ableton.com), individual
ability (e.g., a language learning app, such as Duolingo), or uncontrollability over the environment (e.g.,
a step counting program, such as Pedometer that might be subject to inclement weather), we wanted a
very simple activity that could be done sitting at a computer and did not require any skill. As such, we
asked participants to engage in a daily 1-minute breathing exercise, which has shown positive effects on
stress management and relaxation (Wongsuphasawat et al., 2012; Zhu et al., 2017). Participants could freely
choose when to engage in the breathing exercise, but were limited to one exercise unit per day to avoid
effects resulting from differential usage amounts. The breathing task allowed us to integrate an avatar, was
a believable program of self-improvement, did not require skill, and was not subject to uncontrollable factors
or individual differences in ability or usage.
The 1-minute long exercise was timed to 6 breath cycles per minute—5 seconds inhaling, 5 seconds
exhaling per cycle because this rate has been shown to help with relaxation (Wongsuphasawat et al., 2012;
Zhu et al., 2017). To time the exercise and to indicate diaphragmatic expansion for the participant, a circle
of variable size was displayed inside a circle of fixed size on the thorax of either the customized or assigned
avatar, as has been used in similar breathing interventions (Ibid); see Figure 4.2. Participants were instructed
to inhale during expansion of the circle, and to exhale during contraction. Although we could have used the
avatar to show animations to pace breathing (e.g., through arm movements or a breathing animation), we
did not want to conflate the motivational effects of the customization process with further interaction with
the avatar. After an avatar was created or assigned, participants were only exposed to their avatar during
the breathing exercise.
4.4.3.4 Measures
We measured situational motivation, state-trait anxiety, Big Five personality, and identification with the
avatar using standardized scales.
Situational Motivation was measured using the Situational Motivation Scale (SIMS, Guay et al., 2000).
SIMS assesses intrinsic motivation, identified regulation, external regulation, and amotivation, following early
studies on Self-Determination Theory (Ryan & Deci, 2002). Using a 7-point scale from 1 “corresponds not
at all” to 7 “corresponds exactly”, participants rated responses (e.g., “Because this activity is fun”) to the
question “Why are you currently engaged in this HIT?”.
State-Anxiety and Trait-Anxiety were measured using the State-Trait-Anxiety Inventory (STAI, Spielberger
et al., 1970). We included STAI immediately before and after the breathing task to enhance the believability
of the breathing activity as a relaxation intervention.
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Figure 4.2: Generic Avatar with Breathing Indicator.
Personality Traits were assessed using the Ten-Item-Personality-Inventory (TIPI, Gosling et al., 2003),
which assesses the big five personality factors through 10 items that are rated on a 7-point Likert-scale,
ranging from 1-“Strongly disagree” to 7-“Strongly agree”.
Identification was measured using the avatar-related sub-scales of similarity identification, embodied iden-
tification, and wishful identification from the Player Identification Scale (PIS, Van Looy et al., 2012). Partici-
pants rated their agreement to identification-related statements—“My character is like me in many ways”—on
a 7-pt Likert scale from 1-“strongly disagree” to 7-“strongly agree”. Identification has been shown to be im-
portant in research on the effects of avatar customization on motivation (Birk, Atkins, et al., 2016; Birk,
Mandryk, & Atkins, 2016).
4.4.3.5 Procedure
We recruited participants through Amazon’s Mechanical Turk (MTurk). MTurk acts as a broker between
parties offering a range of Human Intelligence Tasks (HITs) and paid workers. MTurk has been shown to be
reliable as a recruitment tool for research (Kittur et al., 2008; Mason & Suri, 2012). Ethical approval was
obtained from behavioural research ethics board at University of Saskatchewan, and participants were asked
to give ongoing informed consent at the beginning of each day that they participated. To comply with ethical
guidelines, the task was only available to workers from the USA who were older than 18. Only workers with
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an approval rate above 90% were offered the task as a means of quality control.
The 3-week study was conducted in six phases.
First Phase: Pre-screening (Day 0) In the first phase (Day 0), we recruited 400 participants through
a single HIT, advertised as a “3-week daily breathing exercise”. Participants were informed that the com-
pletion of this first HIT would result in an invite to a second HIT. Participants were asked for demographic
information and to complete state scales (i.e., STAI-state, SIMS) and trait scales (i.e., STAI-trait, TIPI). The
first HIT neither exposed participants to their avatar—customized or assigned—nor to the breathing task.
Within 3 hours, participants received $2 for participating in the 10-minute-long first phase of the study.
Second Phase: Multi-Day Breathing (Day 1) We invited all 400 participants from the first phase
back to complete the multi-day breathing exercise, expecting about 1/3 dropout based on our previous
experiences with MTurk; 250 (62.5%) returned. Upon providing ongoing consent, we randomly assigned
participants to their condition: customized or assigned avatar. All participants started by completing SIMS to
measure motivation, followed by either customizing their avatar or viewing their assigned avatar. Participants
then completed the identification questionnaire, followed by the breathing exercise, including pre- and post
measures of state anxiety. Finally, they were encouraged to “come back tomorrow” and given the URL of
the task.
Within 3 hours, we paid participants $10. We chose to pay participants immediately and in advance,
regardless of whether or not they participated in the breathing activity. Advance payment was provided
to avoid that participant engagement could be attributed to a separable outcome, i.e., daily payments.
Furthermore, payment frequency and timing has shown to affect the behaviour of workers (Kaufmann et
al., 2011). Participants who completed the daily breathing exercise would spend approximately 60 minutes
in total over the 3 weeks; to assure that participants were ethically paid (Silberman, 2016), we paid all
participants $10, regardless of daily participation. Random condition assignment was conducted during the
first phase, resulting in a study sample of 250 participants. There were 119 people assigned to the customized
avatar condition and 131 people assigned to the assigned avatar condition. The differences in group size are
simply an artifact of randomly assigning participants to the conditions.
Third Phase: Multi-Day Breathing (Day 2–7) In the third phase (Day 2–7), participants engaged in
self-actuated daily breathing exercises. There was no communication with the participants or notifications
that they should complete the exercise, as we intended to observe the participants’ volitional engagement
without any external regulation. The daily exercise only involved the breathing exercise, including pre/post
measures of STAI-state. They were not paid explicitly for this phase, as they were paid in advance (see Second
Phase). Furthermore, participants were only able to login to the breathing task once per day (starting at
midnight central standard time). If they attempted to login again in the same day, they were given instructions
to return again tomorrow.
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Fourth Phase: Multi-Day Breathing (Day 8–15) In the fourth phase (Day 8–15), we sent out daily
notifications via email, reminding participants to engage in the breathing exercise: “Please visit <url> today
and complete your daily breathing exercise with your avatar.”. We were interested in the differential effect
of external regulation (through reminder) on participants who created an avatar and participants who were
assigned an avatar. Notifications are common to increase retention in Internet-based training, for example
Duolingo6 notifies users daily to practice. All other aspects were identical to the third phase.
Fifth Phase: Multi-Day Breathing (Day 16–19) In the fifth phase (Day 16–19), notifications were
again removed, reverting the task to the version without notifications, as described in phase three. This was
done to observe differences in volitional engagement, once external regulation (or at least prompting) was
again removed.
Sixth Phase: Exit Survey (Day 20) In the sixth and final phase (Day 20), we sent out an exit survey
as a separate HIT to gather information about their motivations and reasons for participating and not
participating over the 3 weeks. All participants were invited; 202/250 (80.8%) completed the exit survey.
They were asked to complete the SIMS, complete the breathing exercise and the identification questionnaires,
plus answer select-all-that-apply questions about why they did and did not do the task (see Table 4.1 for the
questions). Participants were paid $2.50 for the task, which took approximately 5–10 minutes.
4.4.3.6 Data Analyses
All survey data and system logins were logged to a database on a server at the University of Saskatchewan
and were extracted and analyzed using SPSS 24. Our primary measure of interest was attrition and thus
we report primarily on daily participant login counts (Boolean) using non-parametric tests. Motivation and
Identification data were analyzed using ANOVA. We used the SPSS Process Macro 2.16 by Hayes (Hayes,
2013) to perform mediated regressions. Mediation analyses tests the influence of a mediator on the effect of
a predictor variable (X) on a criterion variable (Y).
Pre-existing Group Differences Because we used random assignment to create our groups, we did not
expect them to differ in any systematic way; however, we used one-way ANOVA on pre-existing motivation
(measured on Day 2 before the avatar was customized or assigned), conscientiousness, and age, and chi-
squared tests on gender to check for group differences.
As Table 4.2 shows, our groups were balanced in gender, age, conscientiousness, amotivation, and external
regulation; however, we did find significant pre-existing group differences in intrinsic motivation and iden-
tified regulation. We address these pre-existing differences by including intrinsic motivation and identified
regulation separately as a covariate in the ANCOVAs (see results).
6http://www.duolingo.com
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Check all that apply Assigned Customized
. . . check the reasons why you DID participate: (True/103)% (True/99)%
I liked seeing my avatar 9% 16%
I was hoping for an additional bonus 20% 29%
I was bored and looking for something to do 4% 6%
I wanted to meaningfully contribute to the study 66% 62%
It previously relaxed me and I wanted that feeling again 56% 49%
I enjoyed the breathing exercise 57% 65%
It became a habit for me 18% 28%
It was a quick task and did not require much effort 46% 43%
I’m interested in managing stress and and this could be helpful 53% 61%
I had been paid in advance 64% 64%
I felt a responsibility to do it as part of this HIT 73% 72%
Does not apply 4% 5%
. . . check the reasons why you DID NOT participate:
I was too busy 53% 48%
I did not feel like doing it 14% 8%
I forgot about it 60% 60%
I lost interest 12% 6%
I was not at a computer or other device that supported it 28% 38%
I did not get paid for daily participation 13% 3%
I did not enjoy the breathing exercise 7% 3%
I felt silly doing it 2% 2%
I remembered, but not at the moment I was able to do it 32% 27%
Does not apply 10% 12%
Table 4.1: Percentages of indicated reasons for participating/not participating. Items indicated by
more than 40% of participants are displayed bolded and in red.
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Assigned Customized
M (SD) M (SD) F 1,248 p η2p
Intrinsic Motivation 4.6 (1.62) 5.05 (1.3) 5.7 0.018 0.02
Identified Regulation 4.98 (1.38) 5.49 (1.1) 10.294 0.002 0.04
External Regulation 1.98 (1.09) 2.2 (1.41) 1.802 0.181 0.01
Amotivation 1.96 (1.04) 1.98 (1.09) 2.563 0.111 0.01
Conscientiousness 5.37 (1.5) 5.46 (1.34) 0.527 0.61 0.00
Age 34.06 (10.69) 5.46 (1.34) 1.741 0.188 0.01
N(Female/Male/Other) N(Female/Male/Other) 2 p
Gender 64/65/2 60/58/1 0.285 0.867
Table 4.2: Test statistics for pre-existing Situational Motivation, conscientiousness, age, and gender.
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Figure 4.3: Left: Mirrored histograms of login count for the three notification phases (pre-notification,
notification, and post-notification) by avatar condition (assigned, customized). The X-axis shows the
frequency of login amount bins; the Y-axis the number of logins as a category. Right: Mann-Whitney
U test statistics for each notification phase by avatar condition. Significant results are bolded and in
red.
4.4.3.7 Research Questions
We ask the following research questions:
RQ1: Does customizing an avatar combat attrition?
RQ2: Does customization affect avatar identification?
RQ3: Does customizing an avatar affect situational intrinsic or extrinsic motivation over time?
RQ4: Are the differences in logins explained by increased identification (controlling for pre-
existing motivation)?
4.4.4 Results
We present our results by research question.
4.4.4.1 RQ1. Does customizing an avatar combat attrition?
Our first question is whether or not customizing an avatar can help to combat attrition. Figure 4.3 shows
mirrored histograms of login count for the three notification phases (i.e., pre-notification, notification, and
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Figure 4.4: Logins by Day, normalized by starting group size, and partitioned by phase: Pre-
Notification, Notification, and Post-Notification. *= significant differences by day (p < .05).
post-notification) by avatar condition (i.e., customized or assigned). Figure 4.4 shows the counts of logins for
each day as a percent of the group size (i.e., customized or assigned). A Mann-Whitney U test of login count by
participant confirms our assumption that participants who customized (Mdn = 7,M = 8) their avatar showed
more logins over all Days (1–19) compared to participants with assigned avatars (Mdn = 5,M = 6.63),
U = 6752, p = 0.035, z = −1.834.
To investigate the effect of notification, we compared the number of logins during each phase (pre-
notification: Day 1–7, notification: Day 8–16, post-notification: Day 17–19) between participants who cus-
tomized an avatar and those who participated with an assigned avatar. The results suggest that in the
pre-notification and post-notification phases, participants who customized an avatar had a higher overall
login count compared to participants who were assigned an avatar. See Figure 4.4 for results.
These results suggest that participants who customized an avatar showed significantly less attrition overall
and that this difference was driven by the phases in which there were no notification reminders. We were
further interested in not just the consistency of logging in, but also how login patterns changed over time.
Figure 4.4 shows the actual login counts per day per condition (normalized by the size of the starting groups
as seen in the equal bars for Day 1). First, it is clear that there is attrition over time in both conditions.
Second, it is clear that there is more participation each day by people in the customized avatar group.
Comparing daily login rates by avatar group using a Chi-squared test reveals that during pre-notification,
the customization group has higher login rates on Day 3 (p = .011), Day 4 (p = .015), Day 5 (p = .007),
and Day 6 (p = .037) compared to the assigned group. Once notified, the groups initially equalize, but
descriptively diverge again over time, and by Day 15, the difference is again significant (p < .001). Once
notifications were removed, the customized group still shows higher login rates and the difference is significant
on Day 19 (p < .001). Taken together, our results show that people with a customized avatar showed less
attrition than people with an assigned avatar, evidenced through greater overall login rates—especially when
no notifications were given—and through greater numbers of daily logins.
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Ruling out Pre-existing Group Differences in Motivation as an Explanation of Login Behaviour
We observed significant pre-existing group differences in intrinsic motivation and identified regulation, but not
external regulation or amotivation; see Table 4.2. Because the customized avatar group had higher incoming
intrinsic motivation and identified regulation, it is possible that their pre-existing motivation explains or
accounts for their significantly higher login count. To test whether incoming motivation explains group
difference in logins, we conducted univariate ANOVAs on total logins for each phase (and overall), followed
by separate ANCOVAs with incoming intrinsic motivation and incoming identified regulation separately. We
did not use ANCOVAs to look for group differences originally because the underlying data is comprised of
login counts over time; however, comparing the F-statistic for the ANOVA to that of the ANCOVAs will allow
us to determine whether the variance in the group differences can be explained by pre-existing motivation. As
shown in Table 4.3, the F-statistic does not decrease when either intrinsic motivation or identified regulation
are included in the models. In fact, the F-statistic increases in all cases, showing that controlling for the
variance of incoming motivation makes the login differences between conditions even more clear.
4.4.4.2 RQ2. Does customization affect avatar identification?
Previous work showed that avatar customization fosters intrinsic motivation in part by facilitating identifi-
cation with the avatar (Birk, Atkins, et al., 2016; Trepte & Reinecke, 2010). As such, our second question
asks whether identification with an avatar is more prevalent in the customized condition and whether cus-
tomization affects changes in identification over time.
We investigated the effect of avatar condition on identification by comparing identification on Day 1 to
identification on Day 20 (i.e., exit survey). The data were analyzed using a repeated measures ANCOVA,
controlling for an individual participant’s total number of logins to account for the fact that people had
different exposure to their assigned or customized avatar over time based on their participation.
Our results reveal a main effect for avatar condition, showing that avatar customization increases similarity
identification (F1,198 = 81.1, p < .001, η
2
p = .29), embodied identification (F1,198 = 36.8, p < .001, η
2
p =
.15), and wishful identification (F1,198 = 37.8, p < .001, η
2
p = .16). A main effect of Day on similarity
(F1,198 = 13.1, p < .001, η
2
p = .06) and embodied identification (F1,198 = 5.5, p = .020, η
2
p = .03), shows that
identification wanes over time; both are lower on Day 20 than Day 1.
The interaction between survey day (Day 1, Day 20) and avatar condition (assigned, customized) shows
a significant interaction on similarity identification (F1,198 = 11.8, p = .001, η
2
p = .06), and wishful identifi-
cation (F1,198 = 4.5, p = .034, η
2
p = .02). For both types of identification, pairwise comparisons show that
identification was higher on Day 1 than Day 20 for the customized group, but that identification was stable
over days for the assigned group.
Taken together, our results show that customizing an avatar facilitates identification of all types, but that
the initial similarity and wishful identification measured right after customization drops after 20 days of a
breathing activity; however, identification on Day 20 was still higher for those with a customized avatar than
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Pre-Notification Notification Post-notification
Covariate Included F p F p F p
None 5.915 0.016 1.596 0.208 3.063 0.081
Intrinsic Motivation 6.578 0.011 1.806 0.180 4.276 0.040
Identified Regulation 6.405 0.012 1.872 0.172 3.973 0.047
Table 4.3: F-statistic and p-value for the three notification phases with “None”, Intrinsic Motivation,
and Identified Regulation, seperately included as covariates.
Assigned Customized Condition Control
M (SD) M (SD) F p F p
Intrinsic Motivation 4.15 (1.76) 4.65 (1.54) 0.90 0.34 166.85 0.00
Identified Regulation 4.74 (1.55) 4.95 (1.39) 2.27 0.13 182.37 0.00
External Regulation 2.34 (1.29) 2.71 (1.48) 1.29 0.26 63.51 0.00
Amotivation 2.13 (1.31) 2.01 (1.27) 0.07 0.79 38.98 0.00
Table 4.4: Test statistics for Condition on SIMS subscales on Day 20, controlled for values on Day 1.
Similarity Identification
X → Y X → M M → Y Total Direct Indirect
p p p p p p
Pre-Notification 0.011 <.001 0.626 0.013 0.011 0.352
Notification 0.436 <.001 0.554 0.162 0.436 0.555
Post-Notification <.001 <.001 0.001 0.043 <.001 0.002
X: Condition, Y: Login Count, M: Similarity Identification
Control: Identified Regulation
Table 4.5: Mediation results for Avatar Condition on Login Count by Day mediated by Similarity
Identification and controlled for identified regulation at Day 1.
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an assigned one, even when accounting for the additional exposure through login count.
4.4.4.3 RQ3. Does customizing an avatar affect situational intrinsic or extrinsic motivation
over time?
Previous work showed that customizing an avatar helps facilitate intrinsic motivation (Birk, Atkins, et al.,
2016) and keeps subjective motivation from waning as much as when the avatar is assigned (Birk, Mandryk,
& Atkins, 2016). As such, our third research question was whether customizing an avatar affects situational
intrinsic or extrinsic motivation, and whether this changes over time. We conducted separate ANCOVAs on
the four SIMS subscales (i.e., intrinsic motivation, identified regulation, external regulation, and amotivation)
by avatar condition (i.e., assigned, customized), with Day 1 values as a covariate for each subscale. See Table
4.4 for results.
The results suggest that customizing an avatar has no effect on how motivating the task is perceived to
be in terms of actually enjoying it (i.e., intrinsic motivation), feeling like it is something that a participant
feels would be good for them to do (i.e., identified regulation), feeling more responsible to engage in the
task daily from external regulatory pressure (i.e., external regulation), or feeling not motivated at all (i.e.,
amotivation). Taken together, these results show that customizing an avatar does not affect self-reported
situational intrinsic or extrinsic motivation after 20 days.
4.4.4.4 RQ4. Are the logins differences explained by increased identification (controlling for
pre-existing motivation)?
Previous work has shown that self-reported motivation and time spent on a task can be explained by iden-
tification with an avatar (Birk, Atkins, et al., 2016). As such, our third research question connects the
findings from RQ1–RQ3 by considering the mediating effect of identification on how customization affects
participation during the different notification phases.
We conducted mediation regression (Hayes, 2013) analysis (model=4) of avatar condition (i.e., assigned,
customized) on login count (X → Y ) mediated by similarity identification (X → M,M → Y ), separately
for each notification phase, and controlled by identified regulation. We then repeated this analysis, also
controlling for intrinsic motivation. We only present results for identified regulation, because the outcome is
the same pattern when controlling for intrinsic motivation. See Table 4.5 for results.
Our results show that, as expected based on RQ1, customization affects login count in the pre-notification
and post-notification phases, but not in the notification phase. Customization predicts similarity identification
in all three phases (RQ2). However, similarity identification only predicts login count in the post-notification
phase and not in the pre-notification or notification phases. In these two initial phases, including similarity
identification in the model does not explain additional variance and the effect of avatar customization on
logins is not explained by similarity on Day 1. However, in the post-notification phase, there is a significant
indirect effect, indicating a partial mediation of similarity identification on the relationship between condition
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and login count. The direct effect stays.
We repeated this process for embodied identification and wishful identification; however, those mediations
were all non-significant, showing that neither embodied nor wishful identification on Day 1 explains the
variance of how customizing an avatar increases login count.
4.4.5 Discussion
We summarize our findings and discuss why customizing an avatar increases login behaviour in a daily
breathing exercise, how to interpret these effects in the light of payment, and how employing existing and
novel techniques in combination can help to combat attrition. Finally, we discuss how our results have
practical significance in the context of self-improvement programs.
4.4.5.1 Summary of Findings
Our results show that participants who customized an avatar showed less attrition over time. Additionally, we
investigated the effect of notification on attrition and found that login patterns changed during the notification
phase: we show that during the pre- and post-notification phase, participants who customized their avatar
logged in more; while during the notification phase, the customization and the assigned group showed no
differences. Further unpacking the notification phase, we show that the customization group logs in more,
these differences grow in magnitude over time, and they become significant by Day 15. Our findings show
that people with a customized avatar showed less attrition overall—especially when no notifications were
given; furthermore, these findings hold when controlling for individual differences in incoming motivation.
Considering the role of identification—an important factor for understanding avatar customization-induced
increases in motivation and behaviour (Birk, Atkins, et al., 2016; Birk, Mandryk, & Atkins, 2016)—we repli-
cate previous findings showing that customization increases identification with an avatar (Birk, Atkins, et
al., 2016; Trepte & Reinecke, 2010). However, we additionally show in this study that identification wanes
over time in the context of our task. Further, we performed mediation analysis and confirm that although
customization predicts increased login behaviour, this relationship is not mediated by the role of similarity
identification. Finally, we investigated how customization affects situational motivation on the final day,
and show no significant differences between intrinsic or extrinsic components of motivation, showing that
while participants exhibit an increase in motivated behaviour, they subjectively don’t express higher levels
of intrinsic motivation or identified regulation.
4.4.5.2 Customization Increases Adherence
Creating an avatar—as opposed to having an assigned generic avatar—shows a group effect on login behaviour
and can be interpreted as causal. The change in behaviour is a direct effect of customization and can neither
be explained by increases in identification, nor in situational motivation, as our mediation results show (RQ4).
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Having choice, i.e., being allowed to customize, has been linked to increased motivation, persistence,
performance, and satisfaction before (Patall et al., 2008). Furthermore, previous work has shown that avatar
customization increases invested effort and behaviour in the short-term (Birk, Atkins, et al., 2016).
While the satisfaction of needs is an important predictor of intrinsic motivation, in the context of avatar
creation, a sense of ownership over the avatar provides an additional explanation for increases in observed
behaviour. Previous work has shown that being the creator of a product, e.g., designing a t-shirt, leads to a
sense of psychological ownership (Pierce et al., 2003), becomes a part of the consumer’s extended self (Mittal,
2006), and affects behaviour, as displayed in an increased willingness to pay (Franke et al., 2009). In our
studies, participants who customized their avatar also expressed greater agreement with “I liked seeing my
avatar” as motivation for completing the breathing task (assigned: 9%, customized: 16%). These findings
from marketing psychology highlight how customization is not a trivial process, but deeply affects how we
feel about an object—physical or digital (Trepte & Reinecke, 2010)—and how the sense of ownership over a
digital artifact can affect our behaviour on a fundamental level. We are willing to invest more: more time,
more effort, more money.
The willingness to invest is crucial when we consider that self-improvement programs rely on the user’s
volitional decision to engage with them; while there are external cues, e.g., notifications, they can only nudge
the user to engage or lower the bar for engagement, for example, by providing short units of training that
are accessible in free moments.
Role of Payment A common challenge in motivation research is how to account for the effects of incentives
on behaviour—how does the compensation to participate in a study affect a participant’s motivation and
behaviour? In-the-wild studies can avoid this issue, but in experimental research, participants are often
incentivized with cash or course credit due to ethical considerations. Previous research has demonstrated the
effects of incentives on motivated behaviour (Deci et al., 1999; Kaufmann et al., 2011), including effects as
subtle as how a promised payment being delivered can affect motivation (Birk, Mandryk, & Atkins, 2016).
We intentionally paid participants in advance for the entire 3 weeks ($10 for asking them to participate for 2
minutes per day plus the 10-minute first day), to avoid effects of payment on motivation (Birk, Atkins, et al.,
2016) and to rule out effects of external regulation from payment for their participation (Birk, Mandryk, &
Atkins, 2016). When considering participants’ reasons for not completing the breathing exercise (see Table
4.1), we find that participants in the assigned group provided “I did not get paid for daily participation” more
often as a reason for not doing the task (assigned: 13%, customized: 3%), whereas more participants in the
customized group expressed that they completed the breathing exercise because they were “. . . hoping for an
additional bonus” (assigned: 20%, customized 29%). However, paying participants in advance at ethical but
reasonable rates appears to have eliminated payment as a mitigating factor of participation; overall, financial
reasons for participating are low, and most participants acknowledge that they got paid in advance (both:
64%).
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The most prevalent responses for not completing the breathing exercise in both conditions were “I was
too busy” and “I forgot about it”—the latter clearly explains why notifications after Day 7 were successful
at increasing logins.
Role of Notifications Notifying participants on Day 8 almost doubled participation compared to Day
7 (from about 30% to almost 60%), showing the effectiveness of an established technique in combating
attrition. We further saw that notifications initially equalized the groups in terms of participation, but that
as the efficacy of the notification wore off over days, attrition was greater for the assigned avatar group—by
the end of the notification phase, the participation rates between groups were once again significant.
Timed notifications are effective for tasks that are easily forgotten (e.g., doing a single brief exercise per
day), but are not well suited to address other reasons that underlie attrition, such as that the task itself is
not enjoyable, or that a user can’t attend to a program at the moment of reminder. Tailored approaches
such as personalized or context-aware reminders (Etter et al., 2006; Horvitz et al., 1999) can help to increase
the efficacy of reminders. While notifications are a generalizable technique to combat attrition, other known
techniques such as social support (Kelders et al., 2012) or in-app rewards (Richter et al., 2015) may also
benefit from being employed in combination with customization.
Combining Multiple Approaches We can study techniques for combating attrition in isolation or in
combination. We chose to both investigate avatar customization in isolation to characterize its efficacy in
combating attrition, and also how it works in combination with a prompting reminder—effectively layering
different approaches for combating attrition into a single intervention. In addition to existing approaches
that could be combined with avatar customization (e.g., notifications, rewards), the use of an avatar opens
opportunities to leverage experienced attachment with the avatar as motivation to engage.
For example, if we consider the importance of identification (Birk, Atkins, et al., 2016; Van Looy et al.,
2012; Trepte & Reinecke, 2010), focusing on creating memorable experiences shared between the avatar and
the user could enhance engagement. For example, characters in World of Warcraft have been shown to be
valued by players for being a collection of memorable experiences, e.g., defeating a difficult boss (Livingston
et al., 2014), and leveraging this attachment has the potential to further increase the effectiveness of avatar
customization on adherence. Training programs for self-improvement could foster interaction between the
user and the avatar and also interaction with an application through the avatar.
Considering different layered or isolated techniques of combating attrition, developers of self-improvement
programs need to make an informed decision about, which features to integrate and, which features to ignore.
4.4.5.3 Practical Significance
Our results show small but significant differences in adherence as a result of avatar customization. However,
small effects have big practical significance in our context of combating attrition in digital programs of self-
improvement delivered at scale. Even a small increase in a large sample affects many individual people. The
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example of MoodGYM demonstrates how an intervention tested in-the-wild saw only 97 (0.5%) of 19607
people completing the exercises. An increase of only 1% would increase the number of participants who
might be positively affected by the intervention by 196 participants—in our study, we see closer to 10%
improvement in logins as a result of customization. Increasing adherence for thousands of people using a
self-improvement program has real potential to change lives.
4.4.6 Conclusion
Digital programs delivered at scale have the potential to increase access to support for people interested in
self-improvement in contexts as diverse as behaviour change, lifelong learning, and mental wellness. However,
even the best-designed programs won’t work if people don’t use them. Research in a variety of contexts has
shown that digital programs that were effective in an RCT are subject to high attrition when delivered in-
the-wild, i.e., at scale. We present a general-purpose interaction technique for combating attrition—avatar
customization—and show that it significantly improves retention over three weeks of a daily stress-relief
intervention (a breathing exercise) over being assigned a generic avatar. Given the broad accessibility and
wide reach of programs delivered at scale, increasing adherence through interaction design has the potential
to benefit a great number of people working at self-improvement.
4.5 Summary of Manuscript C
The results show that customizing an avatar decreases attrition in a non-game-based training exercise, espe-
cially pre- and post-notification. The notification phase shows a strong effect on login behaviour; however,
even during the notification phase, a tendency emerges over time, suggesting that participants who cus-
tomized their avatar show less attrition under notifications compared to those who participated with an
assigned avatar. Considering my previous findings (see Chapter 2, and Chapter 3), I investigated the ef-
fects of customization on identification (RQ2) and motivation (RQ3). The results suggest that identification
declines over time but is in general higher for those who customized their avatar. Asking if identification
explains login differences, my results show that identification doesn’t explain login differences. Further, there
were no self-reported differences of motivation between avatar groups. The results primarily show the effects
of avatar customization on login behaviour and investigate constructs that have shown to be of relevance in
previous work (see Chapter 2, and Chapter 3). While the research results are in themselves of importance to
contribute to our understanding of how game-based interface manipulations can be used to combat attrition
in technology-enabled services for health, there are important lessons I learned from the research process and
the results presented in Chapter 2, and Chapter 3 that I applied in the study presented in this Chapter.
Considering previous lessons enabled me to refine my research protocols and improve the research quality by,
for example, being considerate about payment procedures.
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4.5.1 Lessons Learned
The lessons learned in this study are a product of adjusting my research based on the lessons learned in
previous studies (see Chapter 2, and Chapter 3). Applying previous experiences, I was able to 1) adapt avatar
customization, resulting in group differences between the customization and the assignment group. Group
differences are crucial, because understanding causality is important to build a reliable research foundation
of the effects of avatar customization on player experience. For example, understanding causality is relevant
when leveraging avatar customization as a means to increase participation over time in an application used
in a clinical context.
2) I was able to minimize the potential effects of payment delay and payment expectations on the results by
pre-paying participants. This practice greatly improved the external validity of the results and allows me to
perceive the results in the light of an actual versus an aspirational improvement to digital health applications
(Torous & Firth, 2018) and problems around attrition (Eysenbach, 2005; Christensen & Mackinnon, 2006).
3) I already had experiences with workers in medium-term studies (see Chapter 3), but during this study,
I gained further insights into worker behaviour: Turkers are self-organized and engage in tasks even without
notifications, which points to a great level of commitment in general, but also suggests that there is need to
explore long-time Turker behaviour in more detail, e.g., are there other forms of instructions to assure higher
rates of worker engagement or did a subset use calendar notifications outside of the study protocol?
4) The results show that participants engaged differently, but SIMS could not detect any differences
between groups. The lack of a group difference suggests a dissonance between behaviour and conscious expe-
rience. The dissonance might be a function of the subtlety of the manipulation and participants’ perception of
this simple daily task in general. Some of the “check all that apply” questions shed some light on more subtle
group differences that accumulated and might have driven my findings, e.g., participants who customized
liked their avatar better, were quicker to form habits, provided fewer reasons why they didn’t participate,
and stated less often that they lost interest. SIMS might also simply not be sensitive enough to detect the
subtle changes in subjective motivation that avatar customization induced.
5) The “check all that apply” questions were a good tool to investigate additional explanation in a quick
manner. We do not know how reliable group differences indicated by our “check all that apply” questions are,
but the responses are useful to support other points when constructing an argument, have potential to inform
research impulses, and reveal patterns that would justify further investigation—it is for example remarkable
that 10% more participants with an assigned avatar state that they did not get paid for daily participation,
which—having ruled out differences in the delivery of the study protocol—suggests that participants are less
engaged when reading the instructions or as a result of decreased participation they are more likely to justify
their behaviour.
In summary, applying previously-learned lessons around constructing control groups, participant payment,
worker behaviour, measuring motivation, and understanding participant behaviour in context, we further
deepened our understanding of how we can utilize game-based motivational design strategies to improve the
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implementation of technology-enabled services for health.
4.6 Relevance in Context
While Chapter 2 provided a foundation to understand the effects of identification with a representation on
experience and behaviour in a game-based context, and Chapter 3 showed the feasibility of investigating the
effects of identification in a game-based context in the medium term and highlighted how important it is to
consider incentives, the study presented in this Chapter demonstrated that game-based design elements can
be applied in a non-game-based context and affect login behaviour over a three-week long study. Considering
the aims of my thesis, the results show that avatar customization fosters intrinsic motivation with a non-
game-based health training over time and facilitates sustained engagement.
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Chapter 5
Improving Cognitive Training Efficacy
Citation: Birk, M. V., & Mandryk, R. L. (in press). How Customization Improves the Efficacy of an
Online Digital Intervention for Mental Health. Journal of Medical Internet Research.
Acknowledgment: Under my direction, Benj Hingston implemented the ABMT task and modified
the avatar customizer described in Manuscript B.
In coordination with my supervisor, Dr. Regan Mandryk, I was responsible for the research direction,
experimental design, system design, data gathering, data analysis, and reporting.
Whereas Chapters 2 to 4 produced evidence that game-based motivational design strategies facilitate
sustainable engagement by investigating the effects of avatar customization on motivated behaviour in the
short-term and medium-term, Chapter 5 applies the learned to modify a computerized cognitive therapy.
In this Chapter, I investigate the effect of avatar customization on immediate task efficacy, in particular on
increasing the efficacy of an established attentional retraining task—i.e., the Attention Bias Modification
Training (ABMT) (Hakamata et al., 2010).
I conducted a study with 317 participants on Amazon Mechanical Turk. Following a 2x2 between-subject
design plan, participants were randomly assigned an avatar, or they customized their own avatar before
they were assigned either to an attentional bias retraining condition or a control condition. I measured
state-trait anxiety before the training condition and measured state-trait anxiety again after participants
were exposed to a Negative Mood Induction using images with strong negative valance—ABMT has been
shown before to increase resilience to negative mood induction (Lang et al., 2008; Hakamata et al., 2010).
The results suggested that avatar customization increases engagement in the moment and positively affected
task resilience for those who were exposed to the attentional retraining. Additionally, the results showed
that participants who customized their avatar and did not receive any training experienced increased state
anxiety after a negative mood induction when controlling for baseline state-anxiety, further supporting that
the customization facilitates in-the-moment engagement.
5.1 Problem and Motivation
The primary focus of the previous Chapters has been on designing for training efficacy by increasing sustained
engagement over time. In Chapter 2, avatar customization was investigated as an interface design technique
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to increase engagement in the short-term and in Chapter 4, avatar customization was applied to increase
participation in a 3-week training exercise. However, neither of these studies investigated the immediate
effect of avatar customization on task-efficacy, i.e., the positive effect of increased engagement in the moment
in terms of training outcome.
Video games have shown to increase in-the-moment engagement, expressed, for example, as increased
attention (Green & Bavelier, 2006), being mentally deeply involved (Jennett et al., 2008), or having a distorted
temporal experience (Sweetser & Wyeth, 2005). Research suggests that video games provide environments
that facilitate deeply engaging experiences (Rigby & Ryan, 2011), but researchers don’t know if avatar
customization applied in a computerized cognitive training (CCT) can positively affect the efficacy of training.
Therefore, the problem I addressed in this Manuscript is that avatar customization shows promising
effects on engagement in the short-term and long-term, but the effects of avatar customization on immediate
training efficacy remain unclear.
5.2 Solution and Steps to Solution
To investigate the effects of avatar customization on immediate training efficacy, I conducted an online
experiment on Amazon Mechanical Turk; 317 participants were split randomly split in two avatar groups
(i.e., participants either customized their avatar, or were assigned a neutral male or female avatar), each
group was then assigned to a training group (i.e., participants were either exposed to a cognitive retraining
or a control condition) before they were exposed to a negative mood induction that allowed me to measure
post-induction state-anxiety.
While previous projects provided valuable insights about the effects of avatar customization on motivation,
effects on behaviour, and Amazon Mechanical Turk workers as a participant pool, I had little experience with
increasing task engagement in the moment of use and, as a result, task efficacy.
Previous research on video games suggests that games facilitate in-the-moment engagement (Green &
Bavelier, 2006; Jennett et al., 2008; Sweetser & Wyeth, 2005). Research on skill acquisition shows the crucial
importance of attention when learning a new skill (Grossberg, 1999). Considering both bodies of literature
and my previous research, I was confident that integrating a game-based design strategy, such as avatar
customization, into a computerized cognitive training would improve training efficacy.
Considering that the evaluation of game-based design strategies to increase the efficacy of computerized
tasks is a novel approach and at the time of the research I had limited experiences with studying efficacy, I
decided to conduct a controlled experiment prioritizing internal validity by using a well-known computerized
cognitive training paradigm (i.e., ABMT) and a rigid experimental plan that implemented design decisions
from previous research (Hakamata et al., 2010), while maximizing external validity by conducting the ex-
periment online. A laboratory study would have had several limitations when extending my findings to
computerized online training, e.g., external control in lab study, a a selective sample, and in a constrained
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situation that doesn’t occur naturally.
ABMT is a simple cognitive retraining, which in the unmodified version relies on having participants look
simultaneously at a picture of a person with a neutral facial expression and a picture of the same person with
an angry facial expression. Participants are exposed to 720 pictures sets in total. After one image set has been
presented for 500 milliseconds, an arrow pointing either to the left or to the right is presented at the same
position as one of the images—whether the arrow is presented only behind the neutral image or both images
equally defines the training and control condition. In both cases, participants need to press the corresponding
arrow key on their keyboard to proceed. In the training condition, participants’ attention is retrained by
learning that the arrow key is behind the neutral images and therefore that they need to preferentially focus
on the neutral image for best performance. In the control condition, the arrow is presented equally behind
the neutral and the angry images. For a detailed description of the task, see Section 5.4.4.2.
5.2.1 Research Questions
To investigate the effects of avatar customization on training efficacy, I investigated four research questions:
RQ1. Does customization improve the efficacy of attentional retraining?
RQ2. Does customization increase identification for trained and non-trained participants?
RQ3. Does avatar identification increase the efficacy of attentional training?
RQ4. Does training efficacy vary depending on basic needs satisfaction?
5.3 Design Rationale
Moving away from the effects of avatar customization on engagement over time and towards in-the-moment
engagement spawned several challenges. Many computerized cognitive training tasks are developed for re-
search purposes and research usually is focused on investigating the efficacy of the training; as a side-effect,
the design is often very clean to avoid effects of uncontrolled stimuli such as coloured interface elements or
progress indicators. As a result, most CCTs are not optimized for engagement. Hence, there are several
open design questions. In the manuscript presented in this chapter, I aim to address questions around the
effects of game-based design on task engagement by manipulating a well-known training task, i.e., ABMT.
However, there are still open questions that I would be a in better position to address in retrospect than I was
when designing this particular project. For example, questions around how to operationalize in-the-moment
engagement, or considerations around online induction methods in general and specifically around necessary
considerations when inducing negative mood online.
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5.3.1 Task Choice
When looking for a task that would be suitable to evaluate the effects of avatar customization on task efficacy,
there were several requirements: 1) My experiences with the effects of avatar customization on motivation and
engagement up to this point stemmed from studies with embedded avatars, i.e., avatars that were presented
as part of a game (see Manuscript A and B) or within a task (see Manuscript C). Hence, the task needed to
be laid out and structured in such a manner that it would be possible to embed an avatar into the task. 2)
That task needed to be well-established to prevent introducing design flaws and for an interpretation of the
results in context. 3) To further build on my previous experiences, and to address the overarching goal of
this dissertation, the task needed to be adaptable to an online context. 4) Another prerequisite was to use
a clearly-formulated task protocol to assure that implementation differences were not a source of potential
effects. 5) Previous research on the task should have shown results for the general population and not just
for a special population, e.g., ADHD, to assure broader applicability of my findings. 6) The ideal task would
have also been evaluated using adapted interface components with the aim to maximize external validity.
Knowing that a cognitive training task has already been applied in a research context that is more ecologically
valid would suggest that the training effects of a task are revealed independent of an interface manipulation.
I chose ABMT, because it fulfilled these criteria: 1) ABMT allows for the integration of an avatar, 2) is
well-established (Hakamata et al., 2010), and 3) has been used online before (Carlbring et al., 2012). 4) The
protocol is clearly formulated and allows for an exact implementation, 5) previous research was not primarily
conducted with special populations, 6) and the ABMT interface has been successfully adapted before—see
Dennis and O’Toole (2014), who presented the ABMT using a touch interface with a gamified version of the
task.
In addition to fulfilling my requirements, ABMT has been used as a training approach to reduce anxiety.
One line of my research is focused on game-based design for mental health. I have, for example, investigated
player habits and preferences in an online context and showed that people with depressive symptoms play
games (Mandryk & Birk, 2017), which suggests that game-based assessment and treatment might be an
interesting and feasible research direction. Investigating a task that has been used in the context of mental
health was a deliberate choice, because it produced insights and helped me to gain experiences that could
provide advantages when moving forward on applying game-based design elements in the context of mental
health—a central component of my future research agenda.
One limitation of ABMT was the repetitiveness of the task—participants have to click the left and right
arrows after the presentation of negative or neutral pictures 720 times in total. Most cognitive training tasks
rely on repetition, which in the lab is acceptable, but I was concerned about participants’ behaviour online,
i.e., if they get bored after a while and took breaks. However, I deliberately gave participants short breaks in
between sets as described in the manuscript and felt that it would be worth taking the risk, especially because
engagement could be measured through participants’ response times in the task to determine whether or not
the took frequent or long breaks.
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5.3.2 Avatar Customization
Similar to the approach described in Chapter C, participants either customized their avatar or were assigned
a neutral avatar before engaging with the task. While the avatar assignment approach was comparable to
the assignment in previous tasks, the presentation was slightly different. In previous tasks, the avatar was
dynamically embedded in the task and provided participants either with agency in the game (Manuscript A
and B) or participants followed the avatar’s guidance, i.e., in Manuscript C the breathing exercise is paced by
the avatar. In the study presented in this Manuscript, the avatar is presented statically, without any agency,
and there are no animations, except for within the customization process. The avatar only varies in terms
of its facial expression: neutral or angry. Compared to all other presented avatar studies, the manipulation
in this particular study is the most subtle, which has implications for potential results, i.e., small effects
derived from such a subtle manipulation would support the reliability of the induction and further support
the relevance of avatar customization as an interface manipulation technique relevant for the improvement
of technology-enabled services.
5.3.3 Validated Measures
By including the Player Identification Scale (De Grove et al., 2017), the Basic Psychological Need Satisfaction
Scale (Kasser et al., 1992), and the State-Trait-Anxiety Inventory (Spielberger et al., 1970), I chose several
well evaluated and validated measures.
5.3.3.1 Player Identification Scale
The measure for identification by De Grove et al. (2017) has been used in all previous manuscripts and was
included to allow for the investigation of identification as a mediator of increased task efficacy. My prior
research experience has shown the potential relevance of identification and because I had little experience
with applying avatar customization as a game-design element to increase training efficacy, I decided to include
identification as potentially explanatory measure.
5.3.3.2 Basic Psychological Need Satisfaction
Following SDT as described in Chapter A, I included a measure of need satisfaction. Previous measures either
investigated experienced need satisfaction as a function of playing a video game. In this study, however, I
was interested in the general need satisfaction people experience in their life. My reasoning was two-fold: 1)
experiencing low need satisfaction in life is a predictor for increased vulnerability (Vansteenkiste & Ryan,
2013); 2) people can be characterized by their need satisfaction: a) is their need for autonomy satisfied in
life, e.g., do they experience agency over their choices. b) do they feel connected to others, an important
predictor of mental health (Baumeister & Leary, 1995; Ryan & Deci, 2002); or c) are they feeling competent
and therefore mastery over the activities they regularly engage in, e.g., their job. Low need satisfaction might
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be an indicator of high vulnerability and I decided to include a measure of need satisfaction to potentially
further explain individual differences of training efficacy. Measuring and understanding individual differences
and responses to training are important contributions, because a precise fit between an individual’s needs and
the design of a task has huge potential to increase task efficacy further and addresses drivers of individual
motivation by design.
5.3.3.3 State-Trait-Anxiety Inventory
The State-Trait-Anxiety Inventory is commonly used to measure a person’s general tendency to experience
anxiety (trait) and short-term anxiety responses to a situation or a set of stimuli (state). Because state
anxiety is a situational response measure, it allows for the measurement of short-term changes in anxiety,
e.g., after a negative mood induction, allowing researchers to infer the effect of interventions geared to increase
resilience against an anxiety-inducing situation. As such, the state-scale of STAI was well suited to evaluate
potential effects of avatar customization on training. The scale has also been used before in ABMT research.
5.3.3.4 Negative Mood Induction
While all studies that I have been a co-author of had ethical approval from the ethics board of the University
of Saskatchewan, the induction of negative moods online requires specific considerations, which I believe are
worth highlighting in the context of my dissertation:
First, measuring changes in resilience requires a difficult or challenging situation. Because ABMT is
supposed to increase resilience to negative emotional situations, a negatively-valanced induction is required.
Second, I used gruesome imagery from the International Affective Picture System (IAPS) (Lang et al., 2008),
which are pre-rated in terms of experienced valance and arousal, assuring that the pictures would elicit the
expected effect. Third, a main difference to inducing negative mood online versus in the lab is that there is
little opportunity for aftercare. For example, if the image triggered a negative response or resulted in reliving
a challenging moment in life, there is no one in immediate proximity to care for the affected person—a
situation that might cause potential harm and needs to be addressed.
To accommodate potential discomfort arising from being exposed to gruesome imagery, I took several
steps. First, I warned participants early on about the content of the study. Tasks presented on Amazon
Mechanical Turk are announced on a webpage that lists all available tasks. Workers can click on a task
and are informed about the content of the task and then can decide to accept the task or find a different
task. I presented disclaimers that the task would include gruesome imagery within the job advertisements
and on the actual task website. Second, I stated clearly in the consent form that withdrawing from the
study at any time would be without consequences. And third, at the end of the study, I explained clearly
my intentions, provided contact information to a help line (i.e., https://www.crisistextline.org/), and links
to images of baby animals to shift participants’ cognition away from the gruesome imagery and towards
positively-valenced images that comfort and help with mood repair.
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I assured that participants’ well-being was placed first, while also being aware of potential effects on the
study. For example, the multiple disclaimers and trigger warnings might have affected my sample; people
who perceive themselves as most susceptible to negative imagery likely did not choose to engage in the study,
potentially resulting in lower average state-anxiety as a sample compared to the population as a whole. Lower
variance in response to the induction would decrease the likelihood of finding potential group differences in
the sample, assuming that avatar customization indeed affects training outcome.
5.3.4 Experimental Design Implications
In summary, the study was designed to identify small effects, if they exist. Showing group differences is
challenging—i.e., the manipulation is subtle, the strongest responders are likely not in the sample. Whereas
the design allowed me to show the investigated effects, i.e., the sample size is adequate, training time is
in-line with previous research and long enough, and the conditions are distinct enough to potentially show
effects. As a result of the challenging but fair study design, small group differences would be considered as
meaningful.
5.4 Manuscript D
Background: The success of Internet-based mental health interventions in practice—i.e., in-the-wild—
depends on the uptake and retention of the application and the user’s focused attention in the moment of
use. Incorporating game-based motivational design into digital interventions delivered in-the-wild has been
shown to increase uptake and retention in Internet-based training; however, there are outstanding questions
about the potential of game-based motivational strategies to increase engagement with a task in the moment
of use, and the effect on intervention efficacy.
Objective: Designers of Internet-based interventions need to know whether game-based motivational design
strategies can increase in-the-moment engagement and thus improve digital interventions. We investigate the
effects of one motivational design strategy (avatar customization) in an example mental health intervention
(computerized cognitive training for attention bias modification).
Methods: We assigned 317 participants to either a customized avatar or an assigned avatar condition. After
measuring state-anxiety (STAI), we randomly assigned half of the participants in each condition to either an
attentional retraining condition (ABMT) or a control condition. After training, participants were exposed
to a Negative Mood Induction using images with strong negative valance (IAPS), after which we measured
state-anxiety again.
Results: Avatar customization decreased post-training state-anxiety when controlling for baseline state-
anxiety, for those who trained attention bias modification; however, those who did not train experienced de-
creased resilience to the negative mood induction (F1,252 = 6.86, p = .009, η
2
p = .027). Together these results
suggest that customization increased task engagement with the intervention in the moment of use. Avatar
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customization also increased avatar identification (F5,252 = 12.46, p < .001, R
2 = .23), regardless of whether
or not participants trained attentional bias (F1,252 = .79, p = .378). Avatar identification reduced anxiety af-
ter the negative mood induction for participants who underwent training, but increased post-stimulus anxiety
for participants who did not undergo training, further suggesting that customization increases engagement
in the task (F1,252 = 6.19, p = .014). The beneficial effect of avatar customization on training was driven
by participants who were low in their basic satisfaction of relatedness (F10,248 = 18.5, p < .001, R
2 = .43),
which is important because these are the participants who are most likely in need of digital interventions for
mental health (Cacioppo et al., 2015).
Conclusions: Our results suggest that applying motivational design—specifically avatar customization—is
a viable strategy to increase engagement and subsequently training efficacy in a computerized cognitive task.
5.4.1 Introduction
Internet-based mental health interventions are necessary to address a growing gap between an increased
demand for treatment of mental health issues and the capacity of traditional therapeutic approaches to
meet this growing demand (Kazdin & Blase, 2011). It has been argued that Internet-based mental health
interventions have some benefits over traditional approaches, especially related to the increased accessibility of
treatment (e.g., due to geographical constraints of living in remote areas with access to clinical treatment), the
ability to scale (e.g., to seamlessly address the growing demand of people who could benefit from treatment),
the ease of access (e.g., through deployment of smartphones or websites), and the broad appeal (e.g., to treat
subclinical populations who may not qualify for treatment in health care systems that are already stretched
in meeting the needs of clinical populations) (Kazdin & Blase, 2011; Mandryk & Birk, 2017; Mohr, Tomasino,
et al., 2017).
To be successful, an Internet-based mental health intervention requires good intervention design as evi-
denced by clinical efficacy. There are several examples of Internet-based mental health applications that have
demonstrated treatment effects (Curran; et al., 2012; Mohr, Lyon, et al., 2017) in Randomized Control Trials
(RCTs) (Meyer et al., 2015; Thiart et al., 2015; Christensen, Griffiths, & Jorm, 2004). However, because
these mental health interventions are delivered digitally and often outside of a laboratory or clinical context,
success is not only defined by efficacy in research, but also defined by efficacy in practice, which depends
on validated implementation models and a focus on external validity—that is, demonstrated success in the
context of intended use (Curran; et al., 2012; Gilbody et al., 2015; Mohr, Lyon, et al., 2017). Success in
practice requires uptake (i.e., people have to use the applications), retention (i.e., people have to use the
applications over a long enough term to experience benefits), and demonstrated treatment effects under con-
ditions of practice (i.e., the clinical efficacy must translate into less controlled environments with multiple
competing demands for a patient’s attention and time). These elements of demonstrated success in practice
have been sources of failure for Internet-based mental health interventions that have been effective in RCTs,
but are compromised by low uptake (i.e., recruitment challenges (Mohr et al., 2012), attention (i.e., failure
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to effectively engage participants in the moment of intervention use; see Ryan et al., 2008), and retention
(i.e., failure in adherence over the medium-term; see Donkin et al., 2011) when delivered “in-the-wild”. Re-
searchers have recently promoted a need for demonstrated success of treatment efficacy in both research and
practice; see Gilbody et al., 2015; Mohr, Lyon, et al., 2017 and the failure to close the research-practice-gap
has prompted suggestions that researchers still have a lot to learn about how to implement these types of
interventions in-the-wild (Mohr, Lyon, et al., 2017).
Researchers have argued that one source for improving the in-the-wild success of Internet-based mental
health interventions is improving the user experience design (Mohr, Lyon, et al., 2017). Internet-based
applications built for the purposes of leisure or enjoyment also depend on user engagement—i.e., good uptake,
attention, and retention—because the micro-transaction model of monetization for the companies that build
these applications requires that end-users chose the application (uptake), engage with it (attention), and
continue to use it (retention). Various interaction design strategies have been employed by leisure application
designers to improve user engagement, including gamification—i.e., the use of game-based elements in non-
game contexts (Deterding et al., 2011), the inclusion of extrinsic rewards (Deci et al., 1999), or leveraging
social pressure to engage (Armitage & Conner, 2001). Based on increasing a user’s motivation by increasing
their enjoyment of and invested effort in engaging with an application, these types of interaction design
strategies are part of a growing field of research on motivational design for interactive technologies that have
also been recently applied to the context of digital intervention design.
For example, applying motivational design principles has been shown to foster engagement with a 12-week
neurofeedback treatment for children with fetal alcohol spectrum disorder (Mandryk et al., 2013), to increase
motivation to use a stroke rehabilitation program (Smeddinck et al., 2015), and to improve enjoyment of a
social physical activity intervention for children with Cerebral Palsy (Hernandez et al., 2014). Further, a
series of studies employing avatar customization (a motivational design strategy built on increased autonomy
and identification) was shown to increase enjoyment of and effort invested in a game for training (Birk,
Mandryk, & Atkins, 2016), to increase the time spent (free-choice) in a game (Birk, Atkins, et al., 2016),
and to combat attrition in an Internet based daily breathing exercise deployed over three weeks (Birk &
Mandryk, 2018).
Previous work has suggested that motivational design principles could be employed to help close the
research-practice gap for the design of Internet-based mental health interventions by improving user engage-
ment with the application (Mandryk & Birk, 2017); however, prior work that led to these ideas has measured
success through two approaches: first, by focusing on subjective measures of motivation, such as increased
enjoyment of the intervention or perception of effort invested in the task (e.g., Birk, Mandryk, & Atkins,
2016). And second, through metrics that operationalize intervention usage statistics, such as the time spent in
treatment or number of returning sessions (e.g., Birk & Mandryk, 2018). However, there is a third approach
to characterizing success of motivational design as applied to digital interventions that has been underserved:
that is, metrics that characterize increased engagement with the task in the moment of use. As researchers,
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we must differentiate between motivational design that results in greater exposure to treatment (i.e., more
time spent in training, more adherence)—which should result in improved efficacy through mere exposure,
and motivational design that fosters task engagement in the moment (e.g., greater attention and focus, and
reduced response to distraction)—which should improve treatment efficacy without an accompanying increase
in exposure.
In this paper, we employ one motivational design strategy (avatar customization) in an example mental
health intervention (computerized cognitive training) to demonstrate that motivational design principles can
not only improve exposure to treatment through greater uptake and retention, but that they can improve
focused engagement in the moment of intervention use.
5.4.2 Computerized Cognitive Training as a Mental Health Intervention
Computerized cognitive training (CCT) is one approach to intervention design with a focus on improving
specific aspects of cognition. Feasibility studies on CCT have been shown to improve memory, self-control,
reasoning, attention bias, and processing speed (Lampit et al., 2014); CCT has successfully been applied in
clinical research to combat mental illness and cognitive deficits in disorders such as dementia (Ngandu et al.,
2015), depression (Coyle et al., 2015; Motter et al., 2015, 2016), neurodegenerative diseases (Coyle et al.,
2015), attention-deficit hyperactivity disorder (ADHD) (Cortese et al., 2015), and brain injury (Bogdanova
et al., 2016). The most common CCT tasks are the go/no-go task (Gomez & Perea, 2009), memory training
(Klingberg et al., 2005), and the Attention Bias Modification Training (ABMT) Task (Hakamata et al.,
2010). For example, go/no-go tasks require participants to inhibit responses under changing conditions (e.g.,
in a fast-paced task, press “L” when a red box appears, but inhibit pressing “L” when a green box appears).
Go/no-go paradigms have been applied to the training of executive function (Thorell et al., 2009), and research
suggests that the paradigm can improve hyperactivity symptoms for children with ADHD (Prins et al., 2011)
and reduce undesirable food intake when applied in the context of eating behaviour (Van Koningsbruggen et
al., 2014).
Another approach to cognitive retraining is through attention bias modification (Hakamata et al., 2010),
which exposes participants simultaneously to negative and neutral stimuli, but reinforces an attentional
shift towards neutral stimuli by presenting target probes behind only the neutral stimuli. ABMT has been
shown to be an effective technique to shift a participant’s attention away from negative stimuli, to decrease
self-reported anxiety, and to decrease the response to negative stimuli (Barry et al., 2015; Hakamata et
al., 2010; Jones & Sharpe, 2017). While lab-based ABMT training has been shown to be effective (Jones
& Sharpe, 2017), Internet-based ABMT has generally not been shown to be effective, suggesting that the
training task itself might require adjustment before dissemination over the Internet (Carlbring et al., 2012).
In the case of training tasks that require the full attention of the patient, the lack of control over distractions
and attention in the environment present in Internet-based interventions may compromise treatment efficacy
when delivered in-the-wild: for CCT to be fully effective, participants need to be vigilant, psychologically
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present, and engaged in the task.
CCTs have shown moderate-to-large effect sizes for improving attention, working memory, and global
functioning (Motter et al., 2016). However, to show effects in-the-wild, CCTs need to be designed in ways
that maximize user engagement in the moment. Being inattentive, unfocused, or distracted will diminish
the efficacy of attention-based training (Chu & Kendall, 2004; Glenn et al., 2014). When CCT is applied
in studies, or during a session with a therapist, participants are externally regulated to focus on the task;
however, this external regulation is drastically lessened when people engage in cognitive training during a
commute, at home, or while they have a few minutes waiting in line. To support the success of Internet-
based mental health interventions in-the-wild, researchers need to ask, how can we increase in-the-moment
engagement to compensate for inattentiveness and distraction in-the-wild and subsequently improve training
efficacy?
5.4.3 Engagement
While Internet-based mental health applications have increased the accessibility of treatment, their use still
requires participant engagement and effort (Ryan et al., 2008). Theories of motivation provide guidance on
how to design applications to maximize engagement. Self-Determination Theory (SDT), a well-established
theory of human motivation (Ryan & Deci, 2000b), postulates that competence, relatedness, and auton-
omy are three predictors of motivation, which is expressed in terms of enjoyment, engagement, and effort.
Competence—experiencing mastery over a task, Autonomy—volitionally engaging in a task, and Relatedness–
experiencing connectedness to others—predict engagement and have been shown to be positively related to
treatment outcome (Ryan et al., 2008). For example, clients who engage in therapy out of personal choice,
i.e., autonomy, are more likely to benefit from therapy. Increased volitional engagement has been shown to
increase adherence and treatment efficacy (Joosten et al., 2008).
5.4.3.1 Designing for Engagement
Multiple strategies have been applied to foster volitional engagement in a digital context. For example,
gamification—the application of game elements in a non-game context (Deterding et al., 2011)—has suc-
cessfully been applied to increase volitional engagement in a variety of contexts (Connolly et al., 2012).
Game-based training has been shown to improve working memory capacity (Basak et al., 2008), task switch-
ing ability (Ibid), visual-short term memory (Ibid), verbal reasoning (Ibid; Subrahmanyam & Greenfield,
1994), visuospatial reasoning (Boot et al., 2008; Dorval & Pe´pin, 1986), response selection (Clark et al.,
1987), visual attention (Drew & Waters, 1986; Green & Bavelier, 2003), reaction time(Dustman et al., 1992;
Orosy-Fildes & Allan, 1989), and choice reaction time (Dye et al., 2009; Goldstein et al., 1997).
In a similar vein, persuasive technology uses strategies to bring about change by shaping or reinforcing
behaviors or attitudes (Fogg, 2002). Two strategies commonly employed in persuasive technologies are per-
sonalization (Kaptein et al., 2015; Oinas-Kukkonen & Harjumaa, 2008)—which is system-initiated tailoring
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that offers content or services personalized to an individual; and customization (Kaptein et al., 2015; Orji
et al., 2014)—which is a system that supports user-initiated tailoring of content or services. Sundar and
Marathe (2010) argue that although personalization will increase the relevance of content for individuals us-
ing an interactive system, customization yields systems and content that are not only relevant, but also boost
the agency and self-determination of the individual because it is they themselves who perform the tailoring.
Personalisation and customization have both been discussed as techniques to increase long-term engagement
with Internet-based interventions for mental health (Birk & Mandryk, 2018; Doherty et al., 2012).
Customization fosters autonomy, a sense of control, and a sense of identity, making the person feel rel-
evant in the context of their interaction (Sundar & Marathe, 2010). As previously described, a series of
studies employing avatar customization (which facilitated avatar identification) showed increased enjoyment
of and effort invested in a game for training (Birk, Mandryk, & Atkins, 2016), increased the time spent (free-
choice) in a game (Birk, Atkins, et al., 2016), and combatted attrition in an Internet-based daily breathing
exercise deployed over three weeks (Birk & Mandryk, 2018). Together, these studies show improvements
in subjectively-measured motivation and objectively measured motivation in terms of the time spent en-
gaged with the application and number of return sessions in a three-week intervention; however, there was
no attempt to demonstrate improved treatment efficacy as a result of the increased engagement with the
application in the moment of use. There was no differentiation between how the motivational design resulted
in greater exposure to treatment and how the motivational design fostered task engagement in the moment
(e.g., more effort invested, better attention and focus, or reduced response to distractions), which should
improve treatment efficacy without an accompanying increase in exposure.
Current digital mental health interventions require the attention and motivation of patients (Mohr, Lyon,
et al., 2017), which are unfortunately also characteristics that are in short supply for people who suffer from
depression and could benefit most from treatment (Ibid). Previous work showed that avatar customization
can increase motivation to engage with a training application and thus increase the time spent in train-
ing. In this paper, we suggest that employing motivational design principles—specifically the use of avatar
customization—can increase the efficacy of an attention bias modification training task delivered online by
increasing task engagement in the moment of training, without requiring additional exposure to the treat-
ment.
5.4.4 Methods
We conducted an online study in which we asked half of the participants to customize an avatar; the other
half were assigned a generic avatar. Each avatar group performed an attention bias modification training
(ABMT) task—half of the participants in each group were trained to preferentially attend to neutral over
negative stimuli; the other half were not. Trained participants should be more resilient to subsequent negative
stimuli; thus participants were all subjected to a negative mood induction (viewing gruesome images) after
completing the ABMT task and completed state anxiety scales prior to training and following the stimulus.
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Our experiment was a 2 (avatar: customized, generic) by 2 (attentional training, no-training) between-
subjects design; see Figure 5.1. Being inattentive, unfocused, or distracted will diminish the efficacy of
attention-based training, thus we ask whether the increased in-the-moment engagement as a result of avatar
customization can improve training efficacy.
Figure 5.1: Experimental flow from consent (top) to debriefing. The experimental conditions are
highlighted in grey. The negative mood induction is highlighted in orange.
The following research questions guided our analyses:
RQ1. Does customization improve the efficacy of attentional retraining?
RQ2. Does customization increase identification for trained and non-trained participants?
RQ3. Does avatar identification increase the efficacy of attentional training?
RQ4. Does training efficacy vary depending on basic needs satisfaction?
5.4.4.1 Customization using an Avatar Creator
To introduce customization, we used an avatar creator that has been shown to facilitate intrinsic motivation
and invested effort in a game (Birk, Atkins, et al., 2016). Participants were asked to create an avatar, choose
its gender, and adjust its appearance, personality, and attributes (characteristics) in the same manner as
described in (Birk, Atkins, et al., 2016); see Figure 5.2. A minimum of four minutes in the character creator
were required, but participants could take longer if they wished. After customizing their avatar, participants
were shown a summary of their character.
We presented half of our participants with the avatar creator; the other half were assigned an avatar that
had generic features, and a medium hair and skin colour (see Figure 5.4). Participants were asked their gender
in a demographics survey; those who answered male or female were assigned an avatar of the same gender.
Those who answered ‘other’ (n = 3) were then asked to choose a gender for their digital representation. For
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both generic and customized avatars, we created and stored two facial expressions: one neutral face and one
angry face (see Figure 5.4). The faces were created by adjusting the 3D model of the face using an algorithm
based on Ekman’s Facial Action Coding System (FACS, Ekman & Friesen, 1977). Because of the differences
in facial geometry between male and female faces, there were two algorithms (one for male, one for female)
and all avatars of the same gender had the same algorithm applied. Once the avatars were customized or
assigned, participants completed the ABMT task.
Figure 5.2: Picture of the avatar creator displaying the customization tool box on the left and a
female avatar on the right.
5.4.4.2 Attention Bias Modification Training Task
In each trial of the ABMT task (Hakamata et al., 2010), a fixation cross was presented for 500ms centered
in the screen. Following the presentation of the fixation cross, two avatar faces were displayed: one with
a neutral facial expression and one with an angry expression. One face was displayed above the cross and
one was displayed below the cross. Depending on the condition the avatar faces were either based on the
customized avatar or the assigned avatar. After the faces were presented for 500ms, they disappeared and
a probe was displayed behind one of the faces. The probe indicated either a right arrow or left arrow and
participants were asked to press the corresponding arrow key on the keyboard as quickly as possible. After
pressing the left or right arrow key, an inter-trial interval, showing a white screen, was displayed for 500ms.
The next trial started immediately with the presentation of the fixation cross. See Figure 5.3.
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Figure 5.3: ABMT trials. From left to right: Fixation cross (500ms), neutral/angry face (500ms),
probe (participants response), and inter-trial interval (500ms).
5.4.4.3 ABMT: Training/No-Training
Before beginning the ABMT task, participants were guided through a tutorial of 10 trials of neutral faces to
learn the mechanics of the task. Participants were prompted to focus on the fixation cross and could only
proceed if they pressed the correct arrow key as indicated by the probe.
Following the tutorial, the ABMT was presented in seven blocks: one pre-assessment block, five consec-
utive training/no-training blocks, and a post-assessment block. During each block, participants completed
96 trials (672 total). After each block, participants had a 6-second break, while being notified that the next
block was about to start. This was done to indicate progress through the task.
We used two image sets of four avatar faces (two male, two female) for the pre-assessment and post-
assessment blocks; the order of the presentation of the two image sets was fully counterbalanced to avoid
order effects. The avatars were selected from user-generated avatars from a previous study (Birk, Atkins, et
al., 2016). The presentation of sex (male, female), position (top, bottom), probe location (angry, neutral),
and probe direction (left, right) was fully balanced over the 96 trials.
In the ABMT training condition, probes only appeared behind neutral faces, with the intent to shift
participants’ attention towards neutral stimuli. In the no-training condition, participants were exposed to
a fully-balanced probe presentation similar to the assessment condition in which 50% of the probes appear
behind the neutral faces and 50% behind the angry faces. See Hakamata et al. (2010) for a detailed description
of the ABMT task.
Before beginning the ABMT task, participants were guided through a tutorial of 10 trials of neutral faces
to learn the mechanics of the task. Participants were prompted to focus on the fixation cross and could only
proceed if they pressed the correct arrow key as indicated by the probe. After each of the seven blocks of
trials, participants completed a mood scale with 7-point agreement to four states (I feel: relaxed, happy,
depressed, anxious) representing the four corners of arousal-valence space (Mandryk & Atkins, 2007).
5.4.4.4 Trial Removal and Logging
Incorrect responses to the probes were removed from subsequent analysis because they show that the par-
ticipant did not pay attention in the trial. Individual trials were also removed when participant’s response
time was greater than three standard deviations of their own mean performance over both assessment blocks.
111
Figure 5.4: Customized (top) and generic (bottom) male and female avatars with neutral and angry
facial expressions.
We logged the position (top, bottom), gender (male, female), and expression (angry, neutral) of the probe
location, the response time (in ms), and the correctness of the probe response (true, false).
5.4.4.5 Negative Mood Induction
To measures resilience to a negative mood induction, we presented twenty negative images from the Inter-
national Affective Picture System (IAPS, Lang et al., 2008)—ID: 2703, 3010, 3015, 3225, 3230, 3350, 3530,
3550.1, 9040, 9265, 9301, 9410, 9420, 9433, 9490, 9500, 9570, 9611, 9635.1, 9901. Images were selected based
on valence (mean = 2.01, SD = 0.5,min = 1.51,max = 3.60), and arousal (mean = 5.92, SD = 0.63,min =
4.34,max = 7.16). To ensure that participants looked at the images, we asked them to rate each image using
the valence and arousal scales of the visual Self-Assessment Manikin (SAM, Bradley & Lang, 1994)—valence
and arousal scales were sequential to increase the time spent looking at each image. IAPS images have previ-
ously been used as a negative mood induction in the context of the ABMT (Hakamata et al., 2010). Descrip-
tively, participants show a similar response to the negative images as with normative IAPS ratings (valance:
mean = 1.91, SD = .62,min = 1,max = 4.05; arousal: mean = 4.97, SD = 1.215,min = 1,max = 7),
indicating that the images were perceived as expected.
5.4.4.6 Participants and Deployment Platform
We recruited 317 participants through Amazon’s Mechanical Turk (MTurk). MTurk acts as a broker between
parties offering a range of Human Intelligence Tasks (HITs) and paid workers. Although MTurk has been
shown to be reliable as a recruitment tool for research (Crump et al., 2013; Gillan & Daw, 2016; Shapiro
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et al., 2013), we excluded participants from analysis if they were not performing the task with care, which
we determined in multiple steps. We removed 33 participants based on missing trials (indicating technical
difficulties), or too many trials (indicating that they reloaded the task part way through). Then we cal-
culated variance within each survey subscale and removed participants (n = 8) from subsequent analyses
who demonstrated response variance greater than three standard deviations above mean variance on three
or more questionnaire subscales. Having high variance within a subscale is indicative of not paying attention
to the survey questions and the reverse-coded items. We also removed participants from subsequent analyses
who completed two or more questionnaires with an average time below 1 SD of the average response time
(n = 10). Finally, we removed participants who spent more than two minutes answering the state anxiety
questionnaire after the negative mood induction (n = 4), as it would indicate that they were taking time to
recover while answering the questions.
After the outlier participants were excluded, 262 participants remained. Because we controlled our anal-
ysis for age and gender, we also excluded the 3 participants who identified their gender as ‘other’, leaving
259 participants (51%female,mean-age= 35.3, SD = 11.5) in all of our analyses. Participants received com-
pensation of $10 for their participation. Ethical approval was obtained from the University of Saskatchewan
behavioural research ethics board, and participants were asked to give informed consent at the beginning of
the task. To comply with ethical guidelines, the task was only available to workers who were older than 18.
Additionally, only workers from the USA with an approval rate above 90% were offered the task as a means
of quality control and a trigger warning was provided at multiple points prior to the negative images being
presented.
5.4.4.7 Measures
Identification was measured using the avatar-related sub-scales of similarity identification, embodied iden-
tification, and wishful identification from the Player Identification Scale (PIS, Van Looy et al., 2012). Partici-
pants rated their agreement to identification-related statements—“My character is like me in many ways”—on
a 7-pt Likert scale. Identification has been shown before to be an important construct factor when customizing
avatars (Birk, Atkins, et al., 2016).
State-Anxiety was measured using the state scale from State-Trait-Anxiety Inventory (STAI, Spielberger
et al., 1970). Participants rated how well statements—e.g., “I’m calm”—described their current state on a
4-point scale from “Not at all” to “Very much”. STAI has been successfully been used before in research on
resilience to negative affect (Davidson et al., 2003).
Basic Needs Satisfaction was measured using the Basic Psychological Need Satisfaction scale (BPNS,
Gagne, 2003). BPNS includes subscales for the basic satisfaction of competence, autonomy, and relatedness,
as three ongoing needs that people need satisfied to optimally develop and function. Participants rated their
agreement to statements—“People I know tell me I am good at what I do”—on a 7-point Likert-scale. The
scale has been used before in research on resilience to negative affect (Gagne, 2003).
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5.4.4.8 Procedures
Participants were informed about time (60 min) and payment ($10), procedure, and the fact that the study
included gruesome imagery. After giving consent, participants were asked to fill in questionnaires on their
demographics, basic needs satisfaction, and the questionnaire for baseline state anxiety. Participants were
then assigned to one of four conditions: customized avatar/ABMT training, customized avatar/no ABMT
training, generic avatar/ABMT training, generic avatar/no ABMT training. For descriptive statistics, see
Table 5.1.
Depending on the condition, participants either customized an avatar or were assigned a generic avatar
and started immediately with the ABMT tutorial. After the tutorial, all participants did a block of pre-
assessment trials with one of the previously-described image sets. Following this initial block, half of the
participants received five blocks of attentional retraining with probes only behind neutral faces, while the
other half completed five blocks with the probe appearing equally behind neutral and angry faces. All
participants performed one block of post-assessment after training/no-training with the other image set.
Following assessment, all participants were exposed to the negative mood induction using the gruesome IAPS
images. Following the negative mood induction, participants filled in the post state-anxiety questionnaire.
Finally, participants provided information about how much they identified with the avatar face that was used
for training/no-training. Participants were then debriefed about the purpose of the experiment and were
directed to adorable images of baby animals if they wanted to combat the negative mood induced by the
IAPS images. See Figure 5.1 for the experimental flow.
5.4.4.9 Data Collection and Analysis
All data were logged to a database on a server at the University of Saskatchewan and were analyzed using
SPSS 24 with the Process macro for moderation and mediation analyses (Hayes, 2012).
Prior to analyzing the effects of training and customization on anxiety, we analyzed the block-based mood
ratings to ensure that the different conditions did not directly induce different vulnerability to the negative
mood induction. There were no significant interactions with either avatar customization or training, implying
that the conditions did not directly influence mood (see Macleod et al., 2002).
We computed four models. First, we investigated the role of avatar customization and attentional re-
training on state anxiety after the negative mood induction. We use an ANCOVA with avatar (customized,
generic) and attentional retraining (training, no-training) as factors on the dependent measure of state anx-
iety measured after the negative mood induction. The ANCOVA allowed us to control for levels of state
anxiety prior to attentional retraining, age, and sex by including these variables as covariates. ANCOVAs
have been shown to have higher power in randomized studies with a baseline compared to using repeated
measures ANOVAs (Van Breukelen, 2006).
The next three regression models were all controlled for baseline state anxiety, age, and gender. In
our second model, we considered whether avatar customization (X) predicts identification (Y), and whether
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No-training Training
Avatar customization M SD M SD
STAI (pre)
No-customization 1.95 0.56 2.05 0.64
Customization 1.94 0.58 1.98 0.57
STAI (post)
No-customization 2.37 0.59 2.60 0.67
Customization 2.55 0.58 2.37 0.59
Identification
No-customization 2.63 1.35 2.62 1.29
Customization 4.11 1.33 3.76 1.27
Relatedness
No-customization 4.97 1.29 4.97 1.08
Customization 5.15 1.02 5.02 1.13
Age
No-customization 37.75 10.83 37.75 10.83
Customization 32.20 9.29 32.20 9.29
Frequency Percent Frequency Percent
Female/Male (n)
No-customization 33/31 (64) 51.6/48.4 27/31 (58) 46.6/53.4
Customization 39/32 (71) 54.9/45.1 34/32 (66) 51.5/48.5
Table 5.1: Descriptive statistics for dependent and control variables displayed by avatar customization
and training condition.
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training (M) moderates this relationship (model=1, Hayes, 2012). The link between avatar customization
and identification has been previously established (Birk, Atkins, et al., 2016; Trepte & Reinecke, 2010).
Third, we considered whether identification (X) predicts anxiety (Y) (post negative mood induction) and
whether training (M) moderates this relationship (model=1, Hayes, 2012).
Finally, we conducted a moderated moderation (model=3, Hayes, 2012). We considered whether avatar
customization (X) predicts anxiety post negative mood induction (Y), whether this relationship is moderated
by baseline need satisfaction (M), and whether that moderation is moderated by training (W). A moderated
moderation model is similar to a 3-way interaction in an ANOVA, but allows for the inclusion of continuous
variables as factors.
5.4.5 Results
We created four statistical models, as described above, and use these models to answer a series of research
questions.
5.4.5.1 RQ1: Does customization improve the efficacy of attentional retraining?
Participants in the ABMT training group who customized their avatar should show increased resilience to
negative stimuli. An ANCOVA controlling for pre-training anxiety, age, and gender, showed a significant
interaction between avatar customization and attentional retraining on anxiety measured after the negative
mood induction (F1,252 = 6.86, p = .009, η
2
p = .027). Bonferroni-corrected post-hoc tests showed that training
reduces state anxiety only when participants used a customized avatar (p = .038); when a generic avatar
was used, training was not more effective than no-training (p = .103). This result suggests that attentional
retraining is more effective when participants were allowed to create a customized avatar and were presented
with personalized stimuli (see Figure 5.5).
While the interaction of avatar and training shows a significant effect, the partial eta-squared value
(η2p = .027) implies a small effect. The large effect on post-stimulus anxiety (R
2 = .401), is mostly explained
by baseline anxiety (η2p = .353). However, when looking at the model by individual effect sizes of the
included variables (age, gender, training, avatar, and the interaction of training and avatar), we find that
age (η2p = .032) and gender (η
2
p = .030) both show small effects. Training and avatar (both not significant),
explain almost no variance (η2p < .001, and η
2
p = .001, respectively). The interaction of avatar and training
(η2p = .027) shows an effect similar in size to the effects of major demographic variables (i.e., age and gender)
on anxiety.
These results are in-line with previous research, showing that customization increased identification with a
digital representation, and as a result increased positive affect, task enjoyment, invested effort, and motivated
behavior measured as time-spent in a free-choice game (Birk, Atkins, et al., 2016), and that these effects are
of a similar size as the effects of major demographic variables.
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Figure 5.5: Left: State anxiety for the interaction of training and avatar customization (RQ1). Right:
State anxiety for the interaction of training and identification (RQ3). Displayed data is controlled for
age, gender, and baseline state anxiety.
5.4.5.2 RQ2. Does customization increase identification for trained and non-trained partici-
pants?
We investigated the prediction of avatar customization on avatar identification, moderated by training. The
model was significant (F5,252 = 12.46, p < .001, R
2 = .23). Customization predicts identification (β =
.651, p < .001); however the non-significant interaction with training (F1,252 = .79, p = .378) shows that the
prediction does not depend on whether the probe appeared under angry or both angry and neutral faces (see
Figure 5.6).
Figure 5.6: Effect of training and customization on identification (RQ2). Displayed data is controlled
for age, and gender.
5.4.5.3 RQ3. Does avatar identification increase the efficacy of attentional training?
We investigated the prediction of avatar identification on anxiety measured after the negative mood induction,
as moderated by training. The model was significant (F6,252 = 28.49, p < .0001, R
2 = .40). There was neither
a significant main effect for identification (p = .990), nor for training (p = .990). However, the interaction
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between identification and training (F1,252 = 6.19, p = .014) shows that for participants who underwent
training, identification tends to reduce anxiety, i.e., increases training efficacy; however, for participants who
did not undergo training, the trend is in the other direction—greater identification increases anxiety (see
Figure 5.5).
5.4.5.4 RQ4: Does training efficacy vary depending on basic needs satisfaction?
We showed in R1 that avatar customization and training interact to yield lower anxiety. Now we ask whether
this effect is being driven by participants with varying levels of basic psychological needs satisfaction. We used
basic satisfaction of relatedness as it has been shown to be an important predictor of depression, addiction,
and other mental disorders (Blatt & Zuroff, 1992). A moderation model with the predictor avatar (X) on
state anxiety (Y) moderated by satisfaction of relatedness (M), and then moderated by training (W) was
significant (F10,248 = 18.5, p < .001, R
2 = .43); we controlled for baseline state anxiety, gender, and age.
As expected, the interaction between avatar and training was significant (p = .007). Most interestingly, the
interaction between satisfaction of relatedness, avatar, and training also was significant (p = .021). This
3-way interaction showed that the interaction between avatar customization and training is more pronounced
for those lower in satisfaction of relatedness (see Figure 5.7).
Participants with lower relatedness satisfaction were driving the significant interaction between avatar
customization and training, which is a meaningful result, as these are the participants who are most likely
to be in need of a mental health intervention in the first place (Blatt & Zuroff, 1992).
Figure 5.7: Moderation model showing avatar on state anxiety moderated by satisfaction of related-
ness, and then moderated by training (RQ4). Displayed data is controlled for age, gender, and baseline
state anxiety.
5.4.6 Discussion
We summarize our findings, contextualize them in theory, and discuss the implications, limitations and
opportunities for future work.
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5.4.6.1 Principal Results
The results revealed four main findings:
• First, avatar customization increased resilience to a negative mood induction for participants who
trained attentional bias, compared to those who did not train attentional bias. Thus, avatar customiza-
tion improved training efficacy, presumably as a result of increased in-the-moment engagement.
• Second, avatar customization increased avatar identification, regardless of whether or not participants
trained attentional bias.
• Third, avatar identification tended to reduce anxiety after the negative mood induction for participants
who underwent training but tended to increase post-stimulus anxiety for participants who did not
undergo training, suggesting that customization increases in-the-moment engagement.
• Fourth, the beneficial effect of avatar customization on training is being driven by participants who are
low in their basic satisfaction of relatedness, which is important because these are the participants who
are most likely in need of digital interventions for mental health.
5.4.6.2 Explanation of Findings
Our findings suggest that attentional retraining is improved when participants are more engaged and invested
in the task. Based on prior research (Birk, Atkins, et al., 2016), we assume that increased motivation and
willingness to invest effort increases attention to the task, and efficacy as a result. We further explain potential
mechanisms of why avatar customization increased treatment efficacy.
Self-Determined Experience The results presented in this study, and previous research using avatar
customization (Birk, Atkins, et al., 2016), show that customization increases identification and that identi-
fication positively predicts task engagement. Engagement can be understood as an increase in participants’
invested effort; a central construct in describing intrinsic motivation and task engagement (McAuley et al.,
1989). Research on motivation (Gagne´ & Deci, 2005; Ryan & Deci, 2000a) suggests that invested effort
depends on factors related to the experience itself; in particular, whether or not the interaction satisfies our
needs for competence (i.e., feeling a sense of mastery over challenges), autonomy (i.e., experiencing the choice
to engage under our own volition), and relatedness (i.e., feeling connected to others) (Ryan et al., 2006). In
our experiment, we aimed to increase motivation by manipulating choice as a means of increasing autonomy,
i.e., participants either customized an avatar, or they were assigned a generic avatar. Exercising choice has
motivational benefits, increasing the sense of volitional control and ownership over analog and digital objects
(Beggan, 1992; Huang et al., 2009).
Self-Determination Theory further suggests that intentionally engaging in a task is an important predictor
of outcome—presumably, because of the increased attention and focus paid to the task at hand. A more
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positive attitude toward the task—facilitated for example by feeling volitional control over the content or
ownership over objects—may lower cognitive resistance to engagement. Participants in the customization
condition may have been less likely to reject engaging with the task simply because it did not appeal to their
preferences. The ABMT—like other computerized cognitive training tasks—is not a particularly entertain-
ing task, so frustration and boredom have the potential to undermine the positive effects of the training;
however, we assume potential boredom and frustration are partially counteracted by the positive effects of
customization.
Personalized Experience We have argued that avatar customization increased efficacy by increasing
autonomy and invested effort, or by improving attitude and feelings of control. In addition, the customized
avatar condition presents tailored stimuli, i.e., customized avatar faces with neutral or negative expressions,
during the training phase. Tailoring (through customization or personalization) is a persuasive strategy
that has been used for example, to increase motivation to play serious games (Go¨bel et al., 2010), and to
improve the efficacy of serious games for changing attitudes, intentions, and self-efficacy around healthy
eating behaviour (Orji et al., 2017). The personalization of the stimuli in our experiment may have directly
affected participants’ perception of the stimuli, making the stimuli’s emotions (neutral, negative) more salient
to them.
5.4.6.3 Individual Differences
Our results suggest that the customized avatar increases engagement in the moment of use and subsequently
training efficacy; however, we also show that the improvements resulting from avatar customization were
most pronounced for those participants who experience low satisfaction of relatedness, i.e., people who feel
less connected to others, experience less support, or even feel lonely. Our intervention facilitates choice,
but enhances the experience of relatedness in the application. Although we did not explicitly measure
relatedness satisfaction during the task, prior research has shown that customization can facilitate feelings
of connectedness with a digital representation (Ryan et al., 2006). Increased satisfaction of relatedness
might have improved engagement with the training task involving an avatar. This is important, because
loneliness, feelings of social exclusion, and feeling disconnected from supportive social groups are predictors
of vulnerability for many mental health conditions, such as depression and anxiety (Hagerty et al., 1992).
Increased Engagement with no Training Avatar customization increased resilience to negative stimuli
after the attentional bias modification training (i.e., saw probes appear only under neutral faces); however,
we also observed that the group who used avatar customization without training (i.e., saw probes appear
under both angry and neutral faces) were actually more susceptible to the negative mood induction. These
results suggest that avatar customization increased task engagement, independent of the training condition.
For participants who trained, this resulted in better resilience to the negative stimuli than those who trained
with a generic avatar face; however, for participants who did not train, this likely resulted in them investing
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more attention overall and this being more susceptible to the negative mood induction than those who did
not train using the generic avatar faces. This interaction result is not surprising, considering prior evidence
of the relationship between avatar customization, identification, and motivation (Birk, Atkins, et al., 2016) in
increasing task engagement and further supports our arguments for customization as a motivational design
strategy which can increase in-the-moment engagement.
Blending and Extending Existing Therapeutic Approaches There are a variety of existing ap-
proaches to maximize the efficacy of Internet-based interventions in mental health. For example, blended
interventions, i.e., interventions that blend Internet-based forms of therapy with the interleaved presence of
a therapist, have been shown to decrease the load on therapists and are similar in effect to traditionally-
delivered Cognitive Behavioral Therapy (CBT) programs (Mohr et al., 2011; Schueller et al., 2017).
Computerized Cognitive Training (CCT), such as ABMT, has been applied adjacent (Shechner et al.,
2014) to Internet-based CBTs, showing potential in blending approaches. Considering that different groups
of clientele have different demands towards treatments (e.g., treatment intensity) and follow different care
pathway around the world, there is value in examining how motivational interface design strategies might
enhance exposure and outcome to different therapeutic approaches.
Although our study only considers customization in the context of bias modification, there are other
approaches to Internet-based intervention design that may benefit from the increased task engagement that
we demonstrate. For example, including customized avatars to guide a patient through a CBT application,
or including other personalized stimuli could potentially increase engagement in the moment or result in
increased adherence, as suggested by (Birk & Mandryk, 2018). Or consider digital phobia treatments that
expose patients to fear-inducing stimuli (e.g., Carlin et al., 1997; Klinger et al., 2005; Parsons & Rizzo, 2008),
which could be even more effective if patients are able to customize the presented stimuli, thereby increasing
salience in an individual patient’s personal context. And finally consider narrative-based therapeutic appli-
cations for people who suffer from post-traumatic stress disorder (PTSD), which walk a patient through their
experiences and help them to reframe the traumatic event (e.g., Rizzo et al., 2011; Rothbaum et al., 2001).
Supporting patients to personalize the narrative, graphical objects, and other intervention elements could
increase the efficacy of this important type of mental health intervention.
Until we validate innovative methods, adapting well-evaluated approaches to be delivered at scale is a
safe and promising way forward. Exposing people to techniques that are not ready for use as treatment
has associated dangers; whereas investigating subtle adaptations to existing approaches—such as interface
customization applied to existing treatments—may improve and optimize established interventions.
Interface customization is not an intervention in itself, but rather an enhancement that can be applied
across a range of existing interventions. From the perspective of implementation medicine—the branch of
medicine that asks if a research result should be implemented in practice (Warner & Obrecht, 2015)—it is a
requirement to have evidence-based proof that a technique is either more effective than prior techniques, or
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at least provides equal effectiveness with a lower investment of time and/or money (Grol & Grimshaw, 1999).
Our research shows, that tweaks to existing interventions, such as adding customization, can significantly
improve in-the-moment engagement.
Supporting Motivation in the Immediate and Longer Term In this research, we show how avatar
customization can increase task engagement and focused attention in the moment of application use. Moti-
vational theories—such as SDT—describe how fostered autonomy can increase the effort invested in a task,
which we suggest results in subsequent task engagement during intervention use. In contrast, our previous
work on avatar customization has shown increased adherence to a daily training regimen over a medium-term
(3-week) breathing intervention (Birk & Mandryk, 2018). It is important to distinguish the motivational ben-
efits that accrue from increased exposure to treatment (i.e., through increased logins or more persistent usage)
and those that result from increased attention in the moment of intervention use, without any accompanying
increase in treatment exposure. Customizing avatars has been shown to increase motivation both in terms
of increased treatment exposure through retention (Birk & Mandryk, 2018) and—in the present paper—
through focused attention in the moment. Additionally, personalization has been explored as an approach
to enhance longer-term engagement in the context of digital interventions for mental health (Doherty et al.,
2012). Further work is needed to explore the potential additive effects of these two approaches in increasing
motivation, and to explore the mediating motivational factors (e.g., attention, enjoyment, effort) that could
explain the improved outcome observed in the present study.
5.4.6.4 Limitations and Future Work
Our study has limitations that we intend to address in future work.
First, identification occurs in multiple ways, i.e., wishful, similarity, and embodied identification (VanLooy
et al., 2012); in this paper, we did not manipulate the different aspects of identification, which potentially
could enhance or diminish the efficacy of customization. Using, for example, non-humanoid representations
in a customization procedure might differentially affect identification and efficacy of a subsequent task. We
plan to investigate different types of customization to explore the differential effects of identification types
on intervention efficacy and to determine whether customization of other interface elements (beyond faces)
can have the same benefits.
Second, the experimental context needs to be considered for the interpretation of our results; participants
were recruited using a crowdsourcing platform and were paid for their participation, which creates a different
experience than being exposed to attentional retraining as part of a therapy for participants who are in need
of treatment.
Third, the attention bias modification task is only one potential digital intervention. Enhancing effi-
cacy through customization needs to be tested across various interventions. Enhanced engagement through
customization will particularly benefit interventions that rely on focused attention, such as cognitive tasks
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like the ABMT. How customization can integrate with other therapeutic approaches (e.g., CBT-based in-
terventions) remains to be investigated. Our technique requires very little effort to implement but shows
significant changes of efficacy. How to leverage volitional engagement to best increase the efficacy of a variety
of interventions is a promising direction; however, more systematic research on the limits of customization
for in-the-moment task engagement needs is required.
Fourth, our study does not distinguish whether the effects are a result of participants coping better with
the negative mood induction post-training, or if the effects are a result of the training itself. The former would
suggest that the participants developed better strategies to disconnect from maladaptive thought processes,
whereas the latter suggests that training helps participants protectively shift attention away from negative
cognitions.
Fifth, the presented study focuses on the effects of in-the-moment engagement. However, many tasks
(including ABMT) require frequent repetitions, e.g., being used for 30 minutes daily. While previous work
suggests that avatar customization has positive effects on long-term engagement (Birk & Mandryk, 2018),
we did not specifically investigate the effects of avatar customization over the long-term in this study.
5.4.7 Conclusions
Computerized interventions delivered at scale have the potential to ease clinical demand and interventions
accessible for those who do not qualify for traditional therapies, or cannot access or afford them. However,
the efficacy of computerized training cannot be sacrificed in service of a wider reach. Our results suggest
that increasing in-the-moment engagement through interface customization and personalization can increase
training efficacy.
We asked participants to complete online attentional bias modification training (ABMT) with a cus-
tomized avatar or an assigned generic avatar. ABMT helps people shift their attention away from negative
stimuli and has been shown to increase affective resilience to a subsequent negative mood induction (e.g.,
rating gruesome images). Our results showed that a version of the ABMT using customized interface elements
generated through avatar customization increased resilience to a subsequent negative mood induction, sug-
gesting that avatar customization increases in-the-moment engagement, and subsequently training efficacy.
Furthermore, the customization benefits were particularly pronounced for participants with low satisfaction
of relatedness, who are most at risk for developing mental illness.
Digital interventions delivered at scale offer a promise of increasing the reach of mental health treatment
to a greater number of people in a wider range of places. Our work shows that avatar customization may
help to improve the efficacy of existing and future training programs delivered in-the-wild.
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5.5 Summary of Manuscript D
Whereas the previously-presented research was focused on sustained engagement—be it in the short-term as
presented in Manuscript A or in the medium-term as presented in Manuscript B and C—the study I presented
in this Chapter was focused on designing for immediate improvements of training efficacy. I showed that
avatar customization effects training efficacy—participants who customized an avatar and received ABMT
training showed greater resilience to the negative mood induction. Taken together with previous chapters, I
can now infer that avatar customization increased engagement and subsequent training efficacy. The finding
that customization also increased the negative effect of the mood induction for participants who did not
receive training supports this argument. However, a study designed to measure increases in engagement,
e.g., by measuring changes in pupil dilation (Kahneman & Beatty, 1966), would be required to show the
currently inferred link between avatar customization and engagement in the moment of use.
The results support the notion that it is important to study individual differences in the context of
training—I could show that especially people with low satisfaction of relatedness benefited from the cus-
tomization. Imagining for example better knowledge about how design strategies and individual differences
are best combined, one could imagine applying motivational design elements based on individual need satis-
faction, e.g., competence-satisfying interactions for those low in competence, and interactions that allow for
connecting to a digital representation for those experiencing low satisfaction of relatedness.
There were several lessons to be learned from studying the efficacy of avatar customization on immediate
task efficacy, i.e., lessons around using computerized cognitive tasks in a crowdsourced environment; lessons
around inferring increased engagement from task-efficacy; and lessons around the use of negative mood
inductions in crowdsourced studies. The results and the research design spawn additional research questions
around the measurement of engagement in the moment of use. Simultaneously, my findings are encouraging,
because they show that studying design iterations of computerized cognitive tasks is possible in crowdsourced
online studies.
5.5.1 Lessons Learned
First, I learned that Computerized Cognitive Tasks can be studied online. Amazon Mechanical Turk workers
stay engaged even in a boring and repetitive training task, such as the ABMT. Measures of control do not
suggest that participants disengage and showing training effects in the expected direction also supports the
appropriateness of studying CCTs in an online crowdsourced context.
Second, I learned that engagement might be a double-edged sword that increases task efficacy, but also
heightens negative experiences. A perspective relevant for designing games, but even more relevant when
studying the effects of engagement.
Third, I learned that individual differences matter for efficacy. Understanding the individual context of a
person might have dramatic effects on efficacy in the future. Especially, the power of big data and machine
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learning might allow for precise predictions of user needs and tailoring of digital interventions to individual
needs. Approaches that can, for example, be seen when observing how big technology companies such as
Microsoft1 or Google’s Verily2 address individual health.
Fourth, the manipulation of facial expressions was very subtle, but the resulting effects from the ABMT
were in line with my expectations, suggesting that a) humans respond to avatar facial expressions similar
to pictures of human facial expressions, and b) that such a subtle manipulation translates into the expected
outcome. A finding that is important when envisioning, for example, embedded in-game training such as
receiving good quests only from neutral or positive, but never from angry quest givers in an online role-playing
game such as Elder Scrolls (Bethesda, 1994).
Fifth, in hindsight, not directly measuring attention and engagement allows me only to infer that avatar
customization increased attention and engagement, and subsequent increases in task efficacy. This argument
is supported by the increase in negative response to the mood induction by the group that customized
an avatar but did receive attentional retraining. My previous work, however, gave enough grounding for
the presented experimental design, but with respect to an iterative research approach, an interim step to
investigate engagement in this particular context, as done in Manuscript C for engagement over time would
have been beneficial. Developing a model which, for example, would make predictions about attention, flow,
or immersion in the context of training and subsequent training effects would improve and advance research
on the interface design of computerized cognitive tasks.
5.6 Relevance in Context
In the context of my thesis, the presented research addressed the effects a game-based design strategy (i.e.,
avatar customization) on training efficacy. I assume that avatar customization induced increased in-the-
moment engagement, which was the mechanism that led to the observed improvement in training efficacy.
The work also extends my own research horizon by looking into potential design improvements of com-
puterized cognitive therapy and provides insights into individual differences in training efficacy. A third
novel aspect of this particular study are experiences with online induction methods, which are a fundamental
instrument to research human behaviour under controlled conditions.
In summary, the presented results are of relevance and interesting for advancing the efficacy of CCTs, but
in the context and the future of my own work, the experiences gathered during this project provided insights
that allow me to engage further with design challenges affecting CCTs, gather a more detailed understanding
of online mood inductions, and provided the grounds to work on design problems of CCTs iteratively in an
online context—an outcome which will allow me to address the efficacy of technology-enabled services from
a different perspective than the perspective taken in Manuscript A to Manuscript C.
1https://www.microsoft.com/en-us/research/research-area/medical-health-genomics/
2https://verily.com/
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Chapter 6
Discussion & Conclusion
In my work, I investigated whether and how avatar customization fosters volitional engagement in
Technology-enabled Services, with the goal of combating waning motivation, and increasing in-the moment
training efficacy. Hence, my research contributes to overcoming motivational limitations of technology-
enabled services for health and helps to unlock the potential of technology-enabled services to benefit users
and reduce strain on health care systems.
In four manuscripts I have investigated four different aspects of the effects of avatar customization on
volitional engagement and motivation. The studies I presented go beyond investigating self-reported ex-
perience or prospective behaviour but look into changes in actual behaviour with the goal to increase the
external validity of my findings and to provide additional insights that go beyond self-reported changes in
experience when providing design recommendations and further thoughts on the motivational advantages of
avatar customization.
6.1 Summary by Manuscript
To provide an overview of the findings of each paper, I briefly present each paper’s problem statement and
a summary of the most important findings. I close each Manuscript summary with a brief assessment of the
contribution of my finding to the problem.
6.1.1 Manuscript A
The problem addressed in Manuscript A is that researchers and designers of technology-enabled services lack
well-evaluated inherently-motivating design strategies that have been shown to translate into behaviour. By
evaluating the effect of avatar customization on player engagement, I presented evidence that identification
with a representation is associated with increased play experience and behavioural engagement in the short-
term. I have shown that the motivational effects of avatar customization translate into increased behaviour
in an online scenario, suggesting that avatar customization has potential to be a suitable motivational design
strategy to alter behavioral engagement with technology-enabled services.
While there are still plenty of different design strategies to be evaluated, the presented research addresses
the problem in three different ways. First, the research shows by example how a game-based motivational
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design strategy and its translation into behaviour can be researched online. Second, the research highlights
that game-based motivational design strategies might not have a direct effect on behaviour but are mediated
by a third variable—in this case identification. Third, the research provides evaluatedidence that behavioural
changes resulting from design can be researched online—an important message for researchers and designers
interested in iterative approaches or in ways of reducing time of recruitment and data processing.
6.1.2 Manuscript B
The problem addressed in Manuscript B is that the stability of effects of identification resulting from avatar
customization are only understood in the short-term and it is unknown whether external rewards thwart or
diminish the effect. Building on the results presented in Manuscript A, I used identification with an avatar as
a proxy for motivation in an 11-day long study. I aimed to investigate the effect of participants’ identification
on waning motivation and the effect of an anticipated reward—delivered on day 8—on people differentiated
by their motivation to engage in a daily training game. The findings are in-line with a known psychological
effect, i.e., the overjustification effect, and show that motivation induced through avatar customization is
responsive to reward delivery. While in Chapter 2, I established that studying game-based design strategies
online is feasible, in Manuscript B I was able to address the effects that payment has on motivation in an online
task. The conducted research provided valuable insights which are by themselves interesting, but really came
to shine in subsequent studies. When designing the study described in Manuscript B, I would have lacked
experience with the effects of payment and likely not considered important factors when delivering online
payment while assuring the integrity of the research results. The research presented in Manuscript B also
gave me first insights into how to design for the medium-term; I gained for example insights into instructions
writing for multiple days, the overall feasibility to perform tasks over time on Amazon Mechanical Turk, and
insights into technical requirements—for example, I gained experience on how to design the data collection
system when presenting a task daily.
6.1.3 Manuscript C
The problem addressed in Manuscript C is that avatar customization shows promising effects when avatars
are displayed either embedded into a game or into a game-based training application, but it remains unclear
if avatar customization can facilitate sustained engagement with a non-game-based training task over time.
Based on the lessons I learned presented in Chapters 2 and 3, I investigated the effects of customization
on identification and engagement over time in a non-game-based training exercise. The results show that
customizing an avatar decreases attrition in a non-game-based training exercise, especially pre- and post-
notification. The notification phase shows a strong effect on login behaviour, however even during the
notification phase, we see a tendency emerging over time, suggesting that participants who customized their
avatar show less attrition under notifications compared to those who participated with an assigned avatar.
While Manuscript A and B provide fundamental insights into establishing the effects of avatar customiza-
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tion on engagement and look into the effects of rewards on motivation in an online context, Manuscript
C connects previous findings with practically relevant changes in usage of a training task delivered online.
The research shows that avatar customization indeed increases sustained engagement, and provides evidence
that customization is not only effective in game-based tasks, but the motivational effects also translate into
non-game-based training tasks—an important consideration when asking if game-based motivational design
strategies such as avatar customization can improve the efficacy of technology-enabled services for health at
scale.
6.1.4 Manuscript D
The problem I addressed in Manuscript D is that avatar customization shows promising effects on engagement
in the short-term and long-term, but the effects of avatar customization on immediate training efficacy remain
unclear. While research presented in Chapters 2 to 3 was focused on engagement—be it in the short-term as
presented in Manuscript A or in the medium-term as presented in Manuscript B and C—the study presented
in Manuscript D is focused on designing for immediate improvements in training efficacy. I showed that
avatar customization affects training efficacy—participants who customized an avatar and received ABMT
training showed greater resilience to a negative mood induction.
In the work presented in Manuscript D, I explored unfamiliar terrain by applying motivational design
strategies to directly affect task efficacy. I have gained insights into the process of measuring task efficacy,
interpreting pre-post effects after a mood induction, and about the effects of manipulating facial expression of
avatars. In summary, I could show that efficacy can be increased, and that engagement needs to be carefully
considered, because not only positive, but also negative effects are amplified.
6.1.5 Contextualization in Theory
While my findings might be relevant in the context of other theories such as goal-setting (i.e., avatars as
agents taking on tasks like quest in World of Warcraft) or the development of habits (i.e., increasing habitual
behaviour through avatar customization as suggested in Section 4.4.1), the exhibited experience and behaviour
can best be explained by Self-Determination Theory.
Acting under our own volition, experiencing choice, and exploration (i.e., trying out what we like) are all
experiences provided when customizing a representation and consequently result in increased engagement,
as theory would suggest, and as I can demonstrate in my research. Within Self-Determination Theory, it is
important to note that play experience and displayed behaviour closely co-vary as the findings in Chapter
2, 3, and 4 suggest. These findings imply that when applying Self-Determination Theory in the context of
game, we can to a fair degree infer behaviour based on self-reported experience.
Considering that the studies presented in Chapter 4 and 5 have a high level of external validity, it is fair
to assume that the theoretical consideration around Self-Determination Theory as presented in Section 1.4.1,
translates into a practically relevant context, i.e., technology-enabled services. Finding a high convergence
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between theoretical knowledge and practical applicability renders research on game-based motivational design
strategies relevant in the context of the described global healthcare gap, because it shows that individual
strategies matched to theoretical constructs can be extracted and applied out of context.
That game-based motivational strategies are a viable tool to increase engagement in, for example, tasks
for training, is further supported by the gradually increasing abstraction in my research from a full game to
a tedious attentional retraining task—i.e., moving from an infinite runner game to the ABMT task. These
findings show that SDT-based game-design might have potential to be motivationally relevant beyond the
limits of video games, potentially making game-based design strategies even applicable in the clinical context
(see for example Akili (Akili Interactive Labs, Inc., 2018)).
6.1.5.1 Levels of Motivation
In the process of my research, the relevance of the motivational level affected by avatar customization became
more and more relevant. Hence, I introduced the SIMS in Manuscript C. From the data I have presented it is
not clear how avatar customization affects motivation. Does avatar customization genuinely increase intrinsic
motivation or does the technique increase lower levels of motivation, allowing a person who usually would
experience their task engagement as externally regulated shift the experience more towards a regulation a
person can identify with?
While there are open questions about how levels of motivation are affected by avatar customization, my
research also provides insights by showing that enjoyment and effort are affected by avatar customization—
both constructs suggest that avatar customization indeed might increase intrinsic motivation independent of
regulatory factors, but further research would be required to come to a conclusive answer.
In summary, my findings contribute directly to our understanding of Self-Determination Theory within
user experience research. In addition, my work reveals open questions about the motivational structure un-
derlying the engaging effects of avatar customization. However, my findings are encouraging that SDT-based
interface modifications are a promising approach to further investigate game-based interface modifications
and game-based design strategies.
6.1.6 Conclusion of Manuscript Summaries
In combination, the four presented manuscripts contribute to a better understanding of the use of game-based
strategies. They specifically contribute to a better understanding of how avatar customization can be used to
foster volitional engagement in technology-enabled services. My work investigates problems of engagement
from different temporal perspectives, i.e., short-term, long-term, and in-the-moment, gradually moving from
game-based environments to tasks, with increasingly more realistic study conditions for technology-enabled
services. While my work contributed directly to the research problem I intended to address, there are many
indirect lessons I have learned from conducting research on game-based motivational design strategies in a
crowdsourcing context.
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6.2 Lessons Learned
Across all manuscripts there are several lessons learned about internal versus external validity, avatar cus-
tomization and identification, payment plans, working with Amazon Mechanical Turk workers, and the
validity of Amazon Mechanical Turk research, that are applicable beyond the individual studies and poten-
tially inform future research geared towards the investigation of the effect of motivational design strategies
on online behaviour.
6.2.1 Internal vs. External Validity
Addressing the limitation of experimental scenarios, Jim Blascovich talks about the mundane realism of
experimental situations (Blascovich et al., 2002), i.e., the similarity of the experiment to an everyday situ-
ation. He argues that ideally the experimental situation increases participant engagement and therefore a
participant’s sensitivity to the experimental manipulation. Researchers commonly have to face a trade-off
between the realism of the experimental context and experimental control. Blascovich, however, argues that
immersive virtual environments provide the technology to simulate realistic situations in virtual environments
with high levels of experimental control. Using game-based research paradigms allowed me to balance the
mundane realism of the situation, i.e., playing a game, with the need for experimental control.
Because my research is geared to improve the real-world application of technology-enabled services for
health, balancing internal and external validity was most important to be relevant. While the results needed
to be internally valid, they also needed to be applicable outside of the experimental situation, i.e., as an
interface manipulation applied within technology-enabled services.
To achieve potential applicability of results, one of the most challenging aspects when researching game-
based designs strategies is to balance realistic play experience with the requirements of a rigidly designed
study protocol. Because my research aimed to improve engagement with technology-enabled services and
measurable improvements when applied outside of the research context, it was crucial for me to investigate
fundamental aspects of avatar customization and motivation, while assuring that these findings translate into
practical relevance.
Manuscript A to C established a clear path by reproducing the same effect in increasingly more complex
research scenarios: 1) by investigating the effect of avatar customization on behaviour directly, 2) by gathering
additional insights about a crucial component, i.e., reward delivery, and finally 3) by investigating the effects of
avatar customization in a research approximation to application use. Manuscript D branches off by beginning
a new line of research that investigates the direct impact of avatar customization on task efficacy. However,
in all contributions, it is visible that research on the effects of interface manipulations on user experience
benefits from gradual investigation moving from fundamental questions such as “Does avatar customization
increase engagement?” to more applied questions such as “Can avatar customization be applied to combat
attrition in digital training tasks?”.
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In summary, video games provide an environment that allows for the balancing of experimental control
with the mundane realism of play. In addition to being concerned about the realism of the games used in
my study and the context in which the studies were performed, I aimed to emphasize the tension between
experimental control and realism also in my overarching design by increasing the realism of the experimental
situation from study to study with the goal of showing that a fundamental effect translates into a research
approximation of actual application use.
6.2.2 Avatar Customization and Identification
Across all studies, I learned several lessons about avatar customization as an induction method for volitional
engagement. As my research demonstrates, avatar customization is a viable method to increase user engage-
ment. Across studies, I could demonstrate that identification also appears when just watching a video of
someone creating a representation. Therefore, it seems to be experimentally sounder to compare against a
control condition that doesn’t facilitate identification at all, e.g., by just assigning an avatar (see Manuscript
A). Next to increases in autonomy, I also found increases in relatedness, suggesting that participants who
created an avatar felt more connected to their representation—a result that might be of interest in future
research investigating relatedness as a design principle.
There are also open questions about avatar customization that might solicit future research. For example,
it is unclear how the graphical fidelity of a representation might affect engagement. Research on graphical
fidelity suggests that in casual games, low graphical fidelity is appropriate, but more complex and demanding
mechanics require a higher resolution (Gerling et al., 2013). It is also unclear how important the shape of
the avatar itself is. In my research, I only investigated humanoid representations, but shapes of fantasy
characters like dwarfs, lizards, werewolves, or even dragons might also have effects of players experience
of customization and subsequent engagement. Finally, in all presented manuscripts, the avatar is part of
the presented paradigm in one or the other way. In Manuscript A, the avatar is presented as the player’s
agent in an infinite runner. In Manuscript B, the avatar enacts the responses to go-no-go stimuli in a game
setting. In Manuscript C, the breathing indicator is displayed on the avatar to suggest that the avatar enacts
the breathing and the participants should follow with the same pace. In Manuscript D, the avatar’s facial
expressions are integrated into the Attention Bias Modification Training—arguably the player is here most
removed from directly interacting with the avatar, but the avatar is still embedded in the task.
In the future, it would be of value to investigate if presenting customized avatars adjacent to training tasks
would increase user engagement and task efficacy, because being able to decouple task and avatar presentation
would increase the number of use cases in which avatars could be added as an interface manipulation.
6.2.3 Payment Plans
Incentivizing participants is common practice when researching human experience and behaviour. While
the time of participants needs to be valued, attracting participants is also important to assure the success
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of a research project. In motivational research, “the need to incentivize” creates an experimental situation
which is difficult to disentangle—preferably we would investigate motivation without a secondary source of
motivation; on the other hand, it is difficult to justify having a participant perform a task without being
compensated for their time.
Online crowdsourcing platforms further change the research situation. In research in universities, research
institutions, or online panels, participants are commonly recruited specifically to take on research tasks;
whereas crowd workers can choose from a variety of different tasks and perform online tasks (not necessarily
online experiments) frequently. The participants who partook in the presented studies have all at least
participated in 300 tasks—some of them are simple image classification tasks, other are more complex studies,
but all studies are computerized and are disseminated via Amazon Mechanical Turk. As a result of frequently
engaging in online work, workers might have formed pre-assumptions about compensation levels, e.g., $5 per
30min, and compensation timing, e.g., 1-day after finishing a task. The result of forming presumptions about
how tasks need to be incentivized and when they need to be paid for having completed them might potentially
alter user behaviour.
While randomly assigning participants to conditions and statistically evaluating group differences com-
pensates for many effects that might be caused by online incentives, there are additional considerations that
need to be undertaken when designing for incentives in crowdsourcing platforms. For example, the system
keeps track of outstanding payments and might function as a reminder of a specific task. Or the meta-chat
about a specific experiment might come up on the forums workers gather on to inquire information about the
quality of newly-posted tasks. There could also be cross chatter between MTurk workers about enjoyable or
well-paid tasks. While all these factors should potentially balance out between conditions, there is a benefit
of considering these hidden factors that can affect a study—in the worst case systematically.
Because payment plays a big role in considering which task to take, and because MTurk workers commu-
nicate with each other, it is beneficial to have as little time as possible between HIT creation, completion,
and payment. If a task is open for a long time, the likelihood of chatter about the task increases and might
result in negative effects for the study.
While daily HITs and daily payments are the most secure way of assuring adherence, in studies in which
an investigation of attrition is required, a daily task would function as a notification and artificially increase
participation as shown in Manuscript C. Unfortunately, the payment reminders of Amazon Mechanical Turk
render a solution in which participants are paid at the very end of a multi-day study inadequate.
In summary, I learned over my thesis that while payment seems to be very straightforward, there are
circumstances in which carefully considering the user’s circumstances, the interface specifics on the user’s
end, and the research goal, help to design experiments with a higher probability of coming to valid conclusions
to answer a research question.
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6.2.4 Working with Amazon Mechanical Turk Workers
In my dissertation alone, I worked with more than 1000 unique workers. In total, I have worked with more
than 5000 workers at the time of writing my dissertation. Because of the number of experiments conducted
and the similarity between some of the experiments—e.g., the use of an avatar customizer—participants
were often excluded from future experiments. While there are ways of circumventing a ban from certain
experiments, e.g., by using a different account, the likelihood of deviant behaviour is relatively low—in
general, my experience working with MTurk workers was very positive and I was often surprised by how
reliable many workers are.
There are obvious advantages of working with the largest crowdsourcing platform, such as the mere number
of potential workers, resulting in extremely high response times for a task. The experience of the workers
themselves, who have often completed hundreds of tasks, shows to be another source to improve quality and
avoid larger issues. Experienced workers have experience with interpreting instructions, identifying issues,
and assuring that their technical setup is not a source for any major issues.
When running more complex experiments online, there are several things besides the number of available
workers and how experienced the workers are that matter for the quality of the results: 1) A good standing
with the MTurk community, which is for example captured through tools like Turkopticon or through dis-
cussion about popular studies. Ironically, failure can affect a rating of a requester positively when handled
adequately. During my time as a PhD student, I made several mistakes like publishing a task on MTurk with
the wrong web address. As a result, people could not access the task, but spent time trying. Communicating
quickly about the issue, fixing the issue, and compensating participants with a bonus for their wasted time
were responses that were respected in the worker community and consequently increased our requester rating.
How valid the collected data would be is a different question, because the initial frustration might—depending
on the research—affect the subsequent study. 2) Adequate payment increases task pick-up as well, specifically
when tasks are more difficult to accomplish, require special hardware such as a web camera, or in tasks that
confront workers with uncomfortable material. 3) Workers are willing to follow complex instructions, which
can be used to improve the quality of collected data. We could show for example that we can improve the
quality of heart rate extracted from video feeds gathered via MTurk when workers were instructed about
best practices of video recording (Muender et al., 2016).
While a good standing with the community, adequate payment, and clear instructions help to get good
results fast, there are also a few pitfalls that one might want to avoid when working with MTurk workers:
1) The number of tasks and the percentage of approved work give workers access to different tasks, because
requesters can define what levels of prior performance are acceptable for the workers they hire. As a result,
workers are very concerned about their approval rating. Workers are aware that requesters monitor their
performance, but get rightfully alarmed when their work gets rejected, especially when they felt they stayed
within the performance margin, e.g., time or number or errors. Consequently, it is important to be clear
about rejection reasons, to document why work was rejected, and to provide workers with means to assure
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that they fulfill expectations. It is frustrating for workers and requesters to have spent time on a task or
on arguing a reject. 2) Not being clear with instructions has consequences for the experimental quality. For
example, when one condition is not explained properly, and workers get in touch with the researcher to ask
for qualification. Especially when the clarification question is systematic, there is a good chance that the
effects of contacting the researcher will be reflected in the collected data—if there are potential ramifications
depends on the research question. 3) File sizes can be an issue depending on how large the sizes are, and
which region is targeted. My experiments were all conducted in the US and single files larger than 100mb
were shown to cause frustration in participants due to slow load times.
In summary, working with workers on Amazon Mechanical Turk has been a pleasant experience and when
workers are valued for their work, even difficult tasks can be easily completed online. However, researchers
need to be aware of the environment workers are operating in to avoid frustration on both ends.
6.2.5 Implications for the Design of TES
My research suggests that integrating avatar customization as a game-based interface design strategy has
positive effects on engagement over time and in the moment. My findings also show that avatar customiza-
tion positively affects attitudes towards an online exercise (see Table 4.1). The findings across my studies
show mainly beneficial effects of avatar customization on engagement, suggesting that TES designers should
consider avatar customization as a viable strategy to increase retention and combat attrition.
My research is also encouraging for designers interested in other customization strategies, e.g., program
interface customization. Beyond customization, my research suggests that theory-based research on interface
elements has applicable implications that might change how the design of TES is approached.
Going beyond avatar customization, my research should encourage designers of TES to explore other
strategies such as the implementation of competition or social closeness in games. The crowdsourcing ap-
proach I took highlights how these strategies could be explored iteratively with quick turnaround and a high
throughput.
I hope that my research will enable TES designers to believe in the motivational potential of avatar
customization and envision novel approaches to improve engagement and adherence with their effective
applications. For example, taking avatar as a central element in a digital health ecosphere such as Intellicare
(Mohr, Tomasino, et al., 2017) might reveal that interacting with the same avatar across applications might
have added value for the individual applications.
6.3 Enabling Future Research
While there are several ways in which my dissertation might spawn future research, it directly enables
future research on game-based motivational design strategies and might expend the applicability of online
crowdsourcing paradigms.
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6.3.1 Game-based Motivational Design Strategies
My work enables theory-driven research on game-based motivational design strategies, potentially enabling
two direct lines of research. Future research could, for example, focus on exploring autonomy-based design
strategies and investigating the effects of other choice paradigms such as path selection in a navigational game
or narrative choice in a story-driven game. Alternatively, interactions that emphasize volitional engagement—
for example by resistance, e.g., only after five attempts the user can go the path that proposes a specific
training—could be investigated.
Another viable path would be to explore other options to facilitate engagement. Following self-determination
theory, game-based motivational strategies that foster relatedness or competition would be obvious choices.
However, following the research path described in my thesis, it would be crucial to establish behavioral effects
first, because early research on self-reported desire for behavioural change has been shown to rarely translate
into action (Ajzen, 1991).
6.3.2 Expanding Application Areas for Online Crowdsourcing Study Paradigms
The main contribution of my research is in establishing avatar customization as a game-based design strat-
egy and showing how the motivational gain is relevant in an applied context, in particular in the context of
decreasing motivation over time in technology-enabled services and increased task efficacy through increas-
ing in-the-moment engagement. However, the research framework, i.e., extracting game-based motivational
strategies, investigating their direct effect on behaviour, and investigating their effect on a relevant outcome
variable in a more applied context, has potential for future research by enabling quick iterative design stud-
ies and procedures that allow researchers to quickly come to conclusions and cross validate findings while
avoiding the usual overhead of lab-based research.
Because online studies require predefined instructions, follow the same protocols reliably, and create
datasets of the same internal structure, they can be created as research blue prints that can be tested and
evaluated for their validity in self-produced replications or as end-to-end open source research paradigms
by other research groups. Because the produced data is also standardized, scale processing and analysis
protocols can be created a priori, which allows researchers with minor levels of time investment to re-run
an experiment with the goal of replicating prior findings. Open-source analysis protocols could be reviewed
similarly to open-source software.
Another way to look at online studies is from an iterative design perspective. For example, the research
paradigm described in Manuscript A shows increases in behavioural engagement for those who identify with
a representation. However, no group differences are shown. Iterating the control group to produce group
differences would have been feasible to quickly find a clear comparison condition to customizing an avatar.
Or if the goal would have been to maximize identification, iterating the avatar customizer’s body shapes
would have required few resources to implement and test.
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6.4 Causal Effect Chain: From Customization to Treatment Out-
comes
In my thesis I present four manuscripts that investigate different aspects of a causal effect chain provid-
ing evidence and argument that avatar customization increases self-reported identification with an avatar,
which increases self-reported motivation, leading to increased behavioural engagement (i.e., an increase in
behaviour), and presumable increased engagement in the moment (i.e., increased focus), leading to heighted
exposure over time or qualitatively higher exposure through increased focused in the moment of use. Both
pathways positively affect treatment outcomes of technology-enabled services for health. The effect chain
itself and where each manuscript contributes to results that support this chain are displayed in Figure 1.
6.4.1 Contribution Manuscript A
Manuscript A establishes that customization affects identification and shows that customization increases self-
reported motivation. Participants who identified with their avatar showed increased enjoyment and effort.
Participants showed increased play behaviour, and the combination of increased immersion and prolonged
playtime for those who identified more with their avatar suggests that these participants were engaged
more. However, a direct measure of engagement besides immersion would have been a valuable addition
to understand if participants were also more engaged in the moment of playing the game. Future work
could analyze the keystroke dynamics (i.e., ‘M’ and ‘N’ presses) to get a more in-depth understanding of
participants’ engagement in-the-moment of play.
6.4.2 Contribution Manuscript B
Manuscript B replicates findings from Manuscript A, which show that avatar customization facilitates identi-
fication and supports that identifying with an avatar increases motivation. Participants who identified more
showed increased effort and enjoyment after customizing an avatar. While the manuscript replicates results
found in Manuscript A, it also extends our understanding of avatar customization as a motivational design-
strategy by taking a close look into the effects of identification on experience and performance over time.
The manuscript further investigates how external rewards affect sustained interactions in our study design
by deploying a game-based task (i.e., go-no/go) and therefore provides further insights into the pathway
between avatar customization, identification, motivation, and interactions over time. Similar to Manuscript
A, engagement can only be inferred, but is additionally supported by showing expected differential effects of
introducing an external reward on motivation and task performance.
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Figure 6.1: Diagram displaying the investigated causal effect chain; links investigated by Manuscripts
A-D are indicated by coloured hexagons.
6.4.3 Contribution Manuscript C
Manuscript C builds on the findings of Manuscript A and B, specifically on the effects of avatar customization
on motivation. However, in Manuscript C, we further investigate the effects of avatar customization on
behavior and experience by studying login behavior and self-reported engagement; engagement can only be
inferred through the check-all-that apply questions (e.g., increases in interest in stress management) presented
at the final day of the three week-long study. The study further shows increased exposure to a technology-
enabled service (i.e., breathing exercise) during the study as a causal result of customizing an avatar.
6.4.4 Contribution Manuscript D
While Manuscript A, B, and C provide support and explanation for the pathway between avatar customiza-
tion and exposure, there is, however, no direct investigation of potential treatment outcomes. Manuscript
D is a first investigation of potential treatment effects in the short time. While engagement was not di-
rectly measured, we argue based on the presented results that avatar customization increases in-the-moment
engagement and the quality of exposure resulting in improve treatment outcomes.
6.4.5 Summary of Contributions
Investigating my contribution in the context of the causal effect chain, I made progress on solidifying the
relationship between several constructs. First, my work established the link between customization and
identification (Manuscript A and B) and provides support for the link between motivation and frequency
of interactions (Manuscript A and B). I further investigated the effects of customization on interaction,
engagement, and resulting exposure in Manuscript C. Manuscript D presents a first investigation of a single
computerized cognitive task (i.e., ABMT).
Taking a high-level perspective, the presented work provides several points of evidence for the relationship
between customization and motivation and how motivation translates into increased interactions (Manuscript
A, B, C). The support for increased in-the-moment engagement is only by argument and leaves room for
improvement. Studies measuring engagement, e.g., through pupillometry or electroencephalography, would
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allow us to strengthen the argumentative link between avatar customization motivation and engagement.
Manuscript C provides support for the relationship between customization and increased interaction,
resulting in increased exposure. However, it remains unclear if increased exposure is also linked to improved
treatment outcomes. Embedding avatar customization within the context of a established technology-enabled
service for health, such as SilverCloud (Richards et al., 2015), would allow us to test for the effects on the
link between exposure and treatment outcomes. Manuscript D investigates treatment outcome effects, but
in a very specific context (i.e., ABMT) and the in-the-moment engagement is only inferred; additional work
could be done on the benefits of avatar customization in different service contexts to generate knowledge
about where applying avatar customization as an interface manipulation would be most beneficial. While
Manuscript A, B, and C investigate interaction profiles and Manuscript C and D provide a foundation to talk
about engagement, it is unclear whether increased exposure or exposure quality (i.e., focus) affect treatment
outcomes differently and which strategy is more beneficial or if both strategies could be combined.
6.5 Conclusion
Current technology-enabled services for health underutilize inherently motivating design strategies, thwarting
the sustainable and effective implementation of such services in health care systems. To provide a research
foundation with the aim of increasing the potential utilization of motivational design strategies in technology-
enabled services for health, I investigated whether and how avatar customization fosters volitional engagement
in technology-enabled services. I showed that avatar customization fosters volitional self-reported and be-
havioral engagement. I further showed that behavioural engagement over time resulting from identifying
with an avatar is responsive to financial rewards. Further, I could show that avatar customization reduces
attrition in a 3-week long online task and in-the-moment engagement with a computerized cognitive task.
My thesis shows that avatar customization is a viable and effective motivational design strategy to improve
user engagement with technology-enabled services for health.
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Appendix A
Manuscript A
A.1 Consent Form
Title: Personalizing, adapting, and balancing computer games
Researcher(s): Max Birk, PhD Student, Department of Computer Science, University of Saskatchewan,
306-966-2327, max.birk@usask.ca
Purpose(s) and Objective(s) of the Research: The purpose of this project is to develop models for
personalizing and adapting games.
Procedures: In this study, you will be asked to complete a survey, asking you some questions about
yourself. Following the survey completion, you will be asked to play a game. Following game play, you will
be asked to complete additional questionnaires that ask you questions about your experience.
Funded by: The Natural Sciences and Engineering Research Council of Canada (NSERC).
Potential Risks and Benefits: There are no known or anticipated risks to you by participating in this
research. Your participation will help us to design games, including serious games designed to motivate
behaviours or support learning.
Confidentiality:
• Confidentiality will be maintained throughout the study. The entire process and data will be anonymized.
Data will only be presented in the aggregate and any individual user comments will be anonymized
prior to presentation in academic venues.
• Only the principal researcher and her research assistants will have access to the data to ensure that
your confidentiality is protected.
• Storage of Data
– Data (including survey and interview responses, logs of computer use, and videos of interaction)
will be stored on a secure password-protected server for 7 years after data collection.
– After 7 years, the data will be destroyed. Paper data will be shredded and digital data will be
wiped from hard disks beyond any possibility for data recovery.
Right to Withdraw:
• Your participation is voluntary. You may withdraw from the research project for any reason, at any
time without explanation.
• Should you wish to withdraw, you may do so at any point, and we will not use your data; we will
destroy all records of your data.
• Your right to withdraw data from the study will apply until the data have been aggregated (one week
after study completion). After this date, it is possible that some form of research dissemination will
have already occurred and it may not be possible to withdraw your data.
Follow up: To obtain results from the study, please contact Max Birk (max.birk@usask.ca).
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Questions or Concerns:
• Contact the researcher(s) using the information at the top.
• This research project has been approved on ethical grounds by the University of Saskatchewan Research
Ethics Board. Any questions regarding your rights as a participant may be addressed to that committee
through the Research Ethics Office ethics.office@usask.ca (306) 966-2975. Out of town participants may
call toll free (888) 966-2975.
A.2 Instruments
A.2.1 Player Experience of Need Satisfaction Scale
The Player Experience of Need Satisfaction Scale is a 21-item multidimensional instrument that measures
competence, autonomy, relatedness, immersion, and intuitive control, and is geared towards video games.
The scale was cited as “Ryan, Richard M., C. Scott Rigby, and Andrew Przybylski. ”The motivational
pull of video games: A self-determination theory approach.” Motivation and emotion 30, no. 4 (2006): 344-
360.”. To validate PENS, Ryan et al. (2006) compared the PENS scale to Yee’s Model of Motivation (Yee,
2005).
A.2.1.1 Instructions
All participants received the following instructions: “Reflect on your experiences and rate your agreement
with the following statements.”
A.2.1.2 Items
I have agreed to a confidentiality and limited use agreement that prevents me from publishing the PENS
items.
A.2.1.3 Answer Format
A seven-point Likert-scale was used to record participants’ agreement:
• Strongly disagree
• Disagree
• Slightly disagree
• Neutral
• Slightly agree
• Agree
• Strongly agree
A.2.2 Intrinsic Motivation Inventory
The Intrinsic Motivation Inventory (IMI) is an 18-item multidimensional instrument that measures inter-
est/enjoyment, effort, pressure/tension, and competence when performing a target activity such as playing
a game.
The inventory was cited as “McAuley, E., Duncan, T., & Tammen, V. V. (1989). Psychometric properties
of the Intrinsic Motivation Inventory in a competitive sport setting: A confirmatory factor analysis. Research
Quarterly for Exercise and Sport, 60, 48-58.”. McAuley et al. (1989) investigated the validity of the IMI in
a basketball free-throw shooting game.
169
A.2.2.1 Instructions
All participants received the following instructions: “A number of statements which people have used to
describe the previous task are given below. Read each statement and indicate your agreement with that
statement. There are no right or wrong answers. Do not spend too much time on any one statement.
Remember, give the answer which seems to describe how you thought during the game.”
A.2.2.2 Items
Interest/Enjoyment
• I enjoyed this game very much.
• Playing the game was fun.
• I would describe this game as very interesting.
• While playing the game, I was thinking about how much I enjoyed it.
• This game did not hold my attention.
Effort
• I put a lot of effort into this game.
• I tried very hard while playing the game.
• I didn’t try very hard at playing the game.
• It was important to me to do well at this game.
Pressure/Tension
• I felt tense while playing the game.
• I felt pressured while playing the game.
• I was anxious while playing the game.
• I was very relaxed while playing the game.
Competence
• I am satisfied with my performance at this game.
• I think I am pretty good at this game.
• After playing the game for a while, I felt pretty competent.
• I am pretty skilled at the game.
• I couldn’t play this game very well.
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A.2.2.3 Answer Format
A seven-point Likert-scale was used to record participants’ agreement:
• Strongly disagree
• Disagree
• Slightly disagree
• Neutral
• Slightly agree
• Agree
• Strongly agree
A.2.3 Positive Affect/Negative Affect Schedule
The Positive Affect/Negative Affect Schedule (PANAS) is a 20-item scale that measures positive and negative
affect by gauging the extent participants felt a positive or negative emotion or feeling during a specified time
frame.
The schedule was cited as “Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation
of brief measures of positive and negative affect: the PANAS scales. Journal of personality and social
psychology, 54(6), 1063.”. Watson et al. (1988) developed and validated the PANAS scales over a two-month
time period in comparison to established measures at the time of comparison.
A.2.3.1 Instructions
Because PANAS was measured at baseline and after playing a session of the infinite runner I used two sets
of instructions.
Baseline Instruction “This scale consists of a number of words and phrases that describe different feelings
and emotions. Read each item and then mark the appropriate answer in the space next to that word. Indicate
to what extent you feel this way right now.”
Post-play Instruction “This scale consists of a number of words and phrases that describe different
feelings and emotions. Read each item and then mark the appropriate answer in the space next to that word.
Indicate to what extent you felt this way DURING THE GAME.”
A.2.3.2 Items
Positive Affect
• active
• interested
• excited
• strong
• hostile
• inspired
• proud
• enthusiastic
• determined
• attentive
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Negative Affect
• upset
• irritable
• guilty
• scared
• hostile
• distressed
• ashamed
• alert
• nervous
• jittery
• afraid
A.2.3.3 Answer Format
A five-point Likert-scale was used to record the extent to which participants felt a feeling or emotion:
• very slightly or not at all
• slightly
• moderately
• quite a bit
• extremely
A.2.4 Player Identification Scale
The Player Identification Scale (PIS) is a 17-item multidimensional instrument that measures similarity
identification, embodied identification, and wishful identification. In addition to the three identification
scales, the instrument also features a 10-step single item slider to measure participants’ level of identification.
The PIS scale is identical with the avatar identification scale presented as part of the scale to measure
player identification in massively multiplayer online games proposed and validated by VanLooy et al. (2012).
The scale was cited in as “Van Looy, J., Courtois, C., De Vocht, M., & De Marez, L. (2012). Player iden-
tification in online games: Validation of a scale for measuring identification in MMOGs. Media Psychology,
15(2), 197-221.”
A.2.4.1 Instructions
All participants received the following instructions: “Below are a number of statements which people have
used to describe how they feel about they character. Read each statement and indicate your agreement with
that statement regarding your character.”
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A.2.4.2 Items
Similarity Identification
• My character is like me in many ways.
• My character resembled me.
• I identify with my character.
• My character is an extension of myself.
• My character is similar to me.
• I resemble my character.
Embodied Identification
• When I am playing, it feels as if I am my character.
• I feel like I am inside my character when playing.
• In the game, it is as if I become one with my character.
• When I am playing I am transported into my character.
• When playing, it feels as if my character’s body becomes my own.
• In the game, it is as if I act directly through my character.
Wishful Identification
• If I could become my character, I would.
• I would like to be more like my character.
• My character is an example to me.
• My character is a better me.
• My character has characteristics that I would like to have.
Identification Slider
• Please rate how much you identify with your character.
A.2.4.3 Answer Format
A seven-point Likert-scale was used to record participants’ agreement:
• Strongly disagree
• Disagree
• Slightly disagree
• Neutral
• Slightly agree
• Agree
• Strongly agree
The level of identification was measured using a 10-step slider ranging from “not at all” to “very much”.
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Appendix B
Manuscript B
B.1 Consent Form
Title: Personalizing, adapting, and balancing computer games
Researcher(s): Max Birk, PhD Student, Department of Computer Science, University of Saskatchewan,
306-966-2327, max.birk@usask.ca
Purpose(s) and Objective(s) of the Research: The purpose of this project is to develop models for
personalizing and adapting games.
Procedures: Due to procedural differences, I presented two different procedure descriptions: the first
description for the procedures on Day 1, and the second describtion for the procedures on Day 2–11.
Procedures Day 1: In this multi-day study, you will be asked to complete a survey, asking you some
questions about yourself. Following the survey completion, you will be asked to play a game using an avatar.
Following game play, you will be asked to complete additional questionnaires that ask you questions about
your experience. We will also reinvite you for five additional studies taking place over the course of this week.
The five subsequent studies will be short in time (10 min) and pay $1 each. Of course, you are free not to
participate in any of the subsequent studies without any consequences regarding this study.
Procedures Day 2–11: In this study, you will be asked to fill out a short questionnaire and play a
game. Following game play, you will be asked to complete additional questionnaires that ask you questions
about your experience. After the survey you will be asked to participate in a spatial search task.
Funded by: The Natural Sciences and Engineering Research Council of Canada (NSERC).
Potential Risks and Benefits: There are no known or anticipated risks to you by participating in this
research. Your participation will help us to design games, including serious games designed to motivate
behaviours or support learning.
Confidentiality:
• Confidentiality will be maintained throughout the study. The entire process and data will be anonymized.
Data will only be presented in the aggregate and any individual user comments will be anonymized
prior to presentation in academic venues.
• Only the principal researcher and her research assistants will have access to the data to ensure that
your confidentiality is protected.
• Storage of Data
– Data (including survey and interview responses, logs of computer use, and videos of interaction)
will be stored on a secure password-protected server for 7 years after data collection.
– After 7 years, the data will be destroyed. Paper data will be shredded and digital data will be
wiped from hard disks beyond any possibility for data recovery.
174
Right to Withdraw:
• Your participation is voluntary. You may withdraw from the research project for any reason, at any
time without explanation.
• Should you wish to withdraw, you may do so at any point, and we will not use your data; we will
destroy all records of your data.
• Your right to withdraw data from the study will apply until the data have been aggregated (one week
after study completion). After this date, it is possible that some form of research dissemination will
have already occurred and it may not be possible to withdraw your data
Follow up: To obtain results from the study, please contact Max Birk (max.birk@usask.ca).
Questions or Concerns:
• Contact the researcher(s) using the information at the top.
• This research project has been approved on ethical grounds by the University of Saskatchewan Research
Ethics Board. Any questions regarding your rights as a participant may be addressed to that committee
through the Research Ethics Office ethics.office@usask.ca (306) 966-2975. Out of town participants may
call toll free (888) 966-2975
B.2 Instruments
B.2.1 Intrinsic Motivation Inventory
Instructions, answer format, and items were identical with the Intrinsic Motivation Inventory described in
A.2.2.
B.2.2 Player Identification Scale
Instructions, answer format, and items were identical with the Player Identification Scale described in A.2.4.
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Appendix C
Manuscript C
C.1 Consent Form
Title: Personalizing, adapting, and balancing computer games
Researcher(s): Max Birk, PhD Student, Department of Computer Science, University of Saskatchewan,
306-966-2327, max.birk@usask.ca
Purpose(s) and Objective(s) of the Research: The purpose of this project is to develop models for
personalizing and adapting games.
Procedures: Due to procedural differences, I presented two different procedural descriptions: the first
description for Day 0–19, and the second description for Day 20, i.e., the Exit Survey.
Procedures Day 0–19: In this study, you will be asked to fill in questionnaires about yourself. On
the second day of the study, we will ask you to participate in a breathing exercise. We also will invite you to
complete the breathing exercise daily for 21 days total.
Procedures Day 20: In this study, you will be asked to fill in questionnaires about yourself. We will
then ask you to participate in a one-minute breathing exercise, followed by additional questionnaires.
Funded by: The Natural Sciences and Engineering Research Council of Canada (NSERC).
Potential Risks and Benefits: There are no known or anticipated risks to you by participating in this
research. Your participation will help us to design games, including serious games designed to motivate
behaviours or support learning.
Confidentiality:
• Confidentiality will be maintained throughout the study. The entire process and data will be anonymized.
Data will only be presented in the aggregate and any individual user comments will be anonymized
prior to presentation in academic venues.
• Only the principal researcher and her research assistants will have access to the data to ensure that
your confidentiality is protected.
• Storage of Data
– Data (including survey and interview responses, logs of computer use, and videos of interaction)
will be stored on a secure password-protected server for 7 years after data collection.
– After 7 years, the data will be destroyed. Paper data will be shredded and digital data will be
wiped from hard disks beyond any possibility for data recovery.
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Right to Withdraw:
• Your participation is voluntary. You may withdraw from the research project for any reason, at any
time without explanation.
• Should you wish to withdraw, you may do so at any point, and we will not use your data; we will
destroy all records of your data.
• Your right to withdraw data from the study will apply until the data have been aggregated (one week
after study completion). After this date, it is possible that some form of research dissemination will
have already occurred and it may not be possible to withdraw your data
Follow up: To obtain results from the study, please contact Max Birk (max.birk@usask.ca).
Questions or Concerns:
• Contact the researcher(s) using the information at the top.
• This research project has been approved on ethical grounds by the University of Saskatchewan Research
Ethics Board. Any questions regarding your rights as a participant may be addressed to that committee
through the Research Ethics Office ethics.office@usask.ca (306) 966-2975. Out of town participants may
call toll free (888) 966-2975.
C.2 Instruments
C.2.1 Situational Motivation Scale
The Situational Motivation Scale (SIMS) is a 16-item multidimensional instrument that measures intrinsic
motivation, introjected, external regulation, and amotivation.
The scale was cited as “Guay, F., Vallerand, R. J., & Blanchard, C. (2000). On the assessment of
situational intrinsic and extrinsic motivation: The Situational Motivation Scale (SIMS). Motivation and
emotion, 24(3), 175-213.”. Guay et al. (2000) conducted five studies to develop and validate the Situational
Motivation Scale.
C.2.1.1 Instructions
All participants received the following instructions: “Read each item carefully. Using the provided scale,
please indicate how each item corresponds with your opinion.”
C.2.1.2 Items
Items were presented in a grid and prefaced with the question “Why are you currently engaged in this
activity?”
Intrinsic Motivation
• Because I think that this activity is interesting
• Because I think that this activity is pleasant
• Because this activity is fun
• Because I feel good when doing this activity
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Introjected Regulation
• Because I am doing it for my own good
• Because I think that this activity is good for me
• By personal decision
• Because I believe that this activity is important for me
External Regulation
• Because I am supposed to do it
• Because it is something that I have to do
• Because I don’t have any choice
• Because I feel that I have to do it
Amotivation
• There may be good reasons to do this activity, but personally I don’t see any
• I do this activity but I am not sure if it is worth it
• I don’t know; I don’t see what this activity brings me
• I do this activity, but I am not sure it is a good thing to pursue in
C.2.1.3 Answer Format
• corresponds not at all
• corresponds very little
• corresponds a little
• corresponds moderately
• corresponds enough
• corresponds a lot
• corresponds exactly
C.2.2 State-Trait Anxiety Inventory
The State-Trait Anxiety Inventory is a 40-item instrument that measures state and trait anxiety.
The inventory was cited as “Spielberger, C. D., Gorsuch, R., & Lushene, R. E. (1970). Manual for the
state-trait anxiety inventory. Sunnyvale, CA: Consulting Psychologists Press.”. Spielberger et al. (1970)
developed the instrument and published the original manual.
C.2.2.1 Instructions
State All participants received the following instructions: “A number of statements which people have used
to describe themselves are given below. Read each statement and then, using the scale below, indicate how
you feel right now, that is, at this moment. There are no right or wrong answers. Do not spend too
much time on any one statement but give the answer which seems to describe your present feelings best.”
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Trait All participants received the following instructions: “A number of statements which people have
used to describe themselves are given below. Read each statement and then, using the scale below, indicate
how you generally feel. There are no right or wrong answers. Do not spend too much time on any one
statement, but give the answer which seems to describe how you generally feel.”
C.2.2.2 Items
State
• I feel calm
• I feel secure
• I am tense
• I feel strained
• I feel at ease
• I feel upset
• I am presently worrying over possible misfortunes
• I am satisfied
• I feel frightened
• I feel comfortable
• I feel self-confident
• I feel nervous
• I am jittery
• I feel indecisive
• I am relaxed
• I feel content
• I am worried
• I feel confused
• I feel steady
• I feel pleasant
Trait
• I feel pleasant
• I feel nervous and restless
• I feel satisfied with myself
• I wish I could be as happy as others seem to be
• I feel like a failure
• I feel rested
• I am calm, cool, and collected
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• I feel that difficulties are piling up so that I cannot overcome them
• I worry too much over something that really doesn’t matter
• I have disturbing thoughts
• I lack self-confidence
• I make decisions easily
• I feel inadequate
• I am content
• Some unimportant thought runs through my mind and bothers me
• I take disappointments so keenly that I can’t put them out of my mind
• I am a steady person
• I feel confused
• I feel steady
• I get in a state of tension or turmoil as I think over my recent concerns and interest
C.2.2.3 Answer Format
I used a four-point scale to record participants’ agreement for the state and trait part of the inventory:
• Strongly disagree
• Disagree
• Agree
• Strongly agree
C.2.3 Ten Item Personality Inventory
C.2.3.1 Items
Items are presented in a grid and prefaced with the statement “I see myself as:”
Extraversion
• Extraverted, enthusiastic.
• Reserved, quiet.
Agreeableness
• Critical, quarrelsome.
• Sympathetic, warm.
Conscientiousness
• Dependable, self-disciplined.
• Disorganized, careless.
180
Neuroticism
• Anxious, easily upset.
• Calm, emotionally stable.
Openness
• Open to new experiences, complex.
• Conventional, uncreative.
C.2.3.2 Answer Format
• Disagree strongly
• Disagree moderately
• Disagree a little
• Neither agree nor disagree
• Agree a little
• Agree moderately
• Agree strongly
C.2.4 Player Identification Scale
Instructions, answer format, and items were identical with the Player Identification Scale described in A.2.4.
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Appendix D
Manuscript D
D.1 Consent Form
Title: Personalizing, adapting, and balancing computer games
Researcher(s): Max Birk, PhD Student, Department of Computer Science, University of Saskatchewan,
306-966-2327, max.birk@usask.ca
Purpose(s) and Objective(s) of the Research: The purpose of this project is to develop models for
personalizing and adapting games.
Procedures: In this study, you will be asked to complete some surveys, asking you questions about yourself.
Following the survey completion, you will be asked to do several blocks of an experiment task. Following task
completion, you will be asked to complete additional questionnaires about your experience. ***Warning:
The task includes gruesome imagery. Worker discretion is advised.***
Funded by: The Natural Sciences and Engineering Research Council of Canada (NSERC).
Potential Risks and Benefits: There are no known or anticipated risks to you by participating in this
research. Your participation will help us to design games, including serious games designed to motivate
behaviours or support learning.
Confidentiality:
• Confidentiality will be maintained throughout the study. The entire process and data will be anonymized.
Data will only be presented in the aggregate and any individual user comments will be anonymized
prior to presentation in academic venues.
• Only the principal researcher and her research assistants will have access to the data to ensure that
your confidentiality is protected.
• Storage of Data
– Data (including survey and interview responses, logs of computer use, and videos of interaction)
will be stored on a secure password-protected server for 7 years after data collection.
– After 7 years, the data will be destroyed. Paper data will be shredded and digital data will be
wiped from hard disks beyond any possibility for data recovery.
Right to Withdraw:
• Your participation is voluntary. You may withdraw from the research project for any reason, at any
time without explanation.
• Should you wish to withdraw, you may do so at any point, and we will not use your data; we will
destroy all records of your data.
• Your right to withdraw data from the study will apply until the data have been aggregated (one week
after study completion). After this date, it is possible that some form of research dissemination will
have already occurred and it may not be possible to withdraw your data
182
Follow up: To obtain results from the study, please contact Max Birk (max.birk@usask.ca).
Questions or Concerns:
• Contact the researcher(s) using the information at the top.
• This research project has been approved on ethical grounds by the University of Saskatchewan Research
Ethics Board. Any questions regarding your rights as a participant may be addressed to that committee
through the Research Ethics Office ethics.office@usask.ca (306) 966-2975. Out of town participants may
call toll free (888) 966-2975.
D.2 Instruments
D.2.1 Basic Psychological Need Satisfaction
The Basic Psychological Need Satisfaction (BPNS) Scale is a 21-item multidimensional instrument that
measures competence, autonomy, and relatedness.
The scale was cited as “Gagne, M. (2003). Autonomy Support and Need Satisfaction in the Motivation and
Well-Being of Gymnasts. Journal of Applied Sport Psychology, 15(4), 372–390.”. Gagne (2003) investigated
the effects of need satisfaction on the well-being of gymnasts in a four week long study.
D.2.1.1 Instructions
All participants received the following instructions: “Please read each of the following items carefully, thinking
about how it relates to your life, and then indicate your agreement to each statement.”
D.2.1.2 Items
Competence
• Often, I do not feel very competent.
• People I know tell me I am good at what I do.
• I have been able to learn interesting new skills recently.
• Most days I feel a sense of accomplishment from what I do.
• In my life I do not get much of a chance to show how capable I am.
• I often do not feel very capable.
Autonomy
• I feel like I am free to decide for myself how to live my life.
• I generally feel free to express my ideas and opinions.
• In my daily life, I frequently have to do what I am told.
• I feel like I can pretty much be myself in my daily situations.
• I feel pressured in my life.
• There is not much opportunity for me to decide for myself how to do things in my daily life.
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Relatedness
• I really like the people I interact with.
• I get along with people I come into contact with.
• I pretty much keep to myself and don’t have a lot of social contacts.
• I consider the people I regularly interact with to be my friends.
• People in my life care about me.
• People I interact with on a daily basis tend to take my feelings into consideration.
• There are not many people that I am close to.
• The people I interact with regularly do not seem to like me much.
• People are generally pretty friendly towards me.
D.2.1.3 Answer Format
I used a seven-point Likert-scale to record participants’ agreement:
• Strongly disagree
• Disagree
• Slightly disagree
• Neutral
• Slightly agree
• Agree
• Strongly agree
D.2.2 State-Trait Anxiety Inventory
Instructions, answer format, and items were identical with the Player Identification Scale described in C.2.2.
D.2.3 Player Identification Scale
Instructions, answer format, and items were identical with the Player Identification Scale described in A.2.4.
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Appendix E
Manuscript A-D
Across all manuscripts I used the same demographic questionnaire and the same questionnaire to measure
play behaviour. Because of the variety of answer formats, items and answer formats are presented within
one bullet point. Both questionnaires use the following answer formats: Numeric input, text input, single
choice, multiple choice, and slider. Numeric input fields only allowed for the input of numbers, e.g., age.
Text input fields allowed for the input of numbers and text, e.g., study subject. Single choice items prevented
participants from selecting more than one answer, while multiple choice items allowed participants to select
between 1 and N items as their answer, where N is the number of total items. The slider response format
allowed participants to provide a continuous response between 0 (e.g., ‘not at all’) and 100 (e.g., ‘absolutely’)
in steps of 10 if not described differently.
E.1 Demographic Questionnaire
The demographic questionnaires gauges age, gender, preferred avatar gender1, highest degree, employment
status, marital status, ethnicity2.
E.1.1 Items and Answer Format
• What is your age? (Numeric input)
• Indicate your gender: (Single choice)
– male
– female
– other
• Other gender, if applicable: (Text input)
• If you were to create an avatar to represent yourself in digital environments, that digital representation
would be: (Single choice)
– female
– male
• What is the highest degree or level of school you have completed? If currently enrolled, mark the
previous grade or highest degree received: (Single choice)
– No schooling completed
– Nursery school to 8th grade
– 9th, 10th or 11th grade
– 12th grade, no diploma
– High school graduate - high school diploma or the equivalent (for example: GED)
1The avatar gender was used to assign an avatar when participants indicated ‘other’ as their sex. While I recognize that the
answer format falls short in representing transgender identities and other identities, I felt separating gender identity and avatar
identity in my studies would strike a balance between the complex topic of gender identities and implementation demand.
2Ethnicity is a complex topic and the used item and answer format leaves room for improvement, i.e., a more fine-grained
representation of ethnicity and options for representing dual-identities. See Passmore et al. (2018) for a more nuanced approach
of asking for participants’ ethnic identity
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– Some college credit, but less than 1 year
– 1 or more years of college, no degree
– Associate degree
– Bachelor’s degree
– Master’s degree
– Professional degree
– Doctorate degree
– I prefer not to answer
• If you are a student, please indicate your subject: (Text input)
• Please indicate your employment status: (Single choice)
– Employed for wages
– Self-employed
– Out of work and looking for work
– Out of work but not currently looking for work
– A homemaker
– A student
– Military
– Retired
– Unable to work
– I prefer not to answer
• Please indicate your marital status: (Single choice)
– Single, never married
– Married or domestic partnership
– Widowed
– Divorced
– Separated
– I prefer not to answer
• Please indicate your household income: (Single choice)
– Less than $10,000
– $10,000 to $25,000
– $25,001 to $45,000
– $45,001 to $65,000
– $65,001 to $85,000
– $85,001 to $100,000
– $100,001 to $150,000
– $150,000 or more
– I prefer not to answer
• Please indicate your ethnicity: (Single choice)
– American Indian or Alaskan Native
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– Asian
– Native Hawaiian or Other Pacific Islander
– Black or African American
– Hispanic/Latino
– White
– Two or more categories
– I prefer not to answer
E.2 Play Behaviour Questionnaire
The Play Behaviour Questionnaire gauges frequency of play in the present, frequency of play in the past,
self-identification as a gamer3, dominant hand, preferred genres, and used devices. identity.
E.2.1 Items and Answer Format
• Please indicate how often (on average) you play games: (Single choice)
– Every day
– A few times per week
– Once per week
– A few times per month
– Once a month
– A few times per year
– Once per year
– Not at all
• If you have played games in the past, please indicate how often you have played at peak times: (Single
choice)
– Every day
– A few times per week
– Once per week
– A few times per month
– Once a month
– A few times per year
– Once per year
– Not at all
• How much do you self-identify as a gamer on the following scale: (Slider)
– 0: not at all
– 100: gamer
• Which is your dominant hand?
– left
– right
3The validation of the single item scale is described in Mandryk and Birk (2017)
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• Please indicate the genres that you enjoy playing: (Multiple choice)
– Action
– Platform games
– First Person Shooter
– Beat ’em up
– Adventure
– Role Playing Games
– Mass Multiplayer Role Playing Games (MMORPG)
– Simulation
– Vehicle simulation
– Strategy
– Music games
– Puzzle games
– Sport games
– Multiplayer Online Battle Arena (MOBA)
– Casual games
– Different genre(s)
• Please indicate on which devices you play: (Multiple choice)
– Desktop (e.g. Windows, Linux, OS X, etc.)
– Console (e.g. X-Box, Play Station, etc.)
– Mobile device (e.g. phone, tablet, PS Portable, etc.)
– Different device(s)
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